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FOREWORD 


This Final Report provides the results obtained in the Shuttle Cryogenics Supply System 
Optimization Study, NAS 9-11330, performed by Lockheed Missiles & Space Company 
(LMSC) under contract to the National Aeronautics and Space Administration, Manned 
Spacecraft Center, Houston, Texas. The study was under the technical direction of 
Mr. T. L. Davies, Cryogenics Section of the Power Generation Branch, Propulsion 
and Power Division. Technical effort producing these results was performed in the 
period from October 1970 to June 1973. 


The Final Report is published in eleven volumes*: 

Volume I — Executive Summary 

Volumes I, III, and IV — Technical Report 

Volume VA-1 and VA-2 

Math Model — Users Manual 

Volume VB-1, VB-2, VB-3, 

and VB-4 Math Model - Programmer Manual 

Volume VI — Appendixes 


The LMSC Staff participants are as follows: 


Study Manager 
Subsystem Evaluations 
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Component Analyses 


L. L. Morgan 
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*The Table of Contents for all volumes appears in Volume I only. Section 12 in 
Volume HI contains the List of References for Volumes I through IV. 
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Section 1.0 

INTRODUCTION TO THE CRYOGENIC INTEGRATED MATH MODEL PROGRAM (TCIMM) 

1.1 PROGMM DESCRIPTION 

The Integrated Math Model for Cryogenic Systems is a flexible, broadly applicable 
systems parametric analysis tool. The program will effectively accommodate systems 
of considerable complexity involving large numbers of performance dependent variables 
such as are found in the individual and integrated cryogen systems. Basically, the 
program logic structure pursues an orderly progression path through any given sys- 
tem in much the same fashion as is employed for manual systems analysis. 

The system configuration schematic is converted to an alpha-numeric formatted con- 
figuration data table input starting with the cryogen consumer and identifying all 
components, such as lines, fittings, valves, etc., each in its proper order and end- 
ing with the cryogen supply source assembly. Then, for each of the constituent 
component assemblies, such as gas generators, turbo machinery, heat exchangers, accumu 
lators, etc., the performance requirements are assembled in input data tabulations. 
Systems operating constraints and duty cycle definitions are further added as input 
data coded to the configuration operating sequence. Characteristic performance data 
over the range of temperatures, pressures and flow rates of interest for each of 
the^ functional component assemblies, is input to the program or table look-up data 
arrays to be called as needed in the analysis sequences. The use of table look-up 
data combined with closed-form solution analysis, where needed, permits the rapid 
computation of the desired parameters as the analysis proceeds through the system 
configuration. 

The program will size the system to fit the operating demands and constraints 
and produces as output the component and system hardware size and weight, pro- 
pellant (or reactant) weight, vented fluid weight, and such analytical information 
(i.e., computed performance values) as may be desired. The analytical results 
are displayed both as time dependent data tabulations and summary table data. 

1.1.1 PROGRAM PURPOSE 

The intended purpose of the program is to provide an analytical tool which permits 
rapid parametric evaluation of the various types of cryogenics spacecraft systems 
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currently under study in the national- space program. The mathematical techniques 
built into the program provides the capability for in-depth analysis (combined 
with rapid problem solution) for the production of a larger quantity of soundly 
based trade-study data than normally would be obtained in hand calculations . Pro- 
gram flexibility in accommodating advanced systens resides in its modular type 
programming which permits program growth with simple addition of new subroutines 
and the addition of variables to existing common banks. Conversely, the program 
is easily dismantled if it is desired to limit analysis to only one or two systems 
and utilize a smaller computing nachine. 

In summary, the purpose of the program may be said to be that of providing an 
improved general analysis tool for cryogen technology applications. 

1.1.2 PROGRAM STRUCTURE 

The Integrated Math Model for Cryogenic Systems consists essentially of three majoi' 
sections as illustrated in Figure 1. 1.2-1. Within each of the major sections the 
structure is further broken into block subsections, each of which is reserved for 
specific functions of data management, data utilization or analytical data display. 

1.1. 2.1 PROGRAM INPUT DATA LOGIC 

Of necessity, the program requires a rather large data bank capable of providing 
characteristic performance data for the wide variety of component assemblies 
found in typical cryogen systems . 

Program data requirements for the Integrated Math Model are divided into two types . 
The first type consists of the "semi -permanent" data tables which the program employs 
to compute performance, weight, property, and other characteristics as a function of 
up to four variables per run. 

The table data bank contains the necessary component performance characterization 
data for the system configurations to be considered, as well as the required cryo- 
gen properties data and required material properties data. 

The "source data", as obtained, is verified as being authoritative, and is then 
processed into a formatted tabular array which specifies the table name, ID codes. 


2 

LOCKHEED MISSILES 8e SPACE COMPANY 



LMSC-A991396 



PROGRAM INPUT 


SYSTM(S) CONFIGURATION 
INPUT PARAMETERS (EACH SYSTEM) 

TABLE DATA BANK (FUNCTIONAL PROPERTIES DATA) 
PROGRAM OPTIONS ( INEDT/OUTPUT CONTROL) 
PROGRAM INSTRUCTIONS (COMPUTATION OPTIONS) 


PROGRAM COMPUTATION 

MASS TRANSFER - ENERGY REQUIREMENTS - FLUID 
STATE DETERMINATION - THERMODYNAMIC PROCESSES - 
RESIDUAIS - FLUID FLOW COMPUTATIONS - HEAT TRANSFER - 
SIZING CALCULATIONS - WEIGHT DETERMINATIONS - 

- FOR - 

CRYOGENIC CONSUMER - LINES - FITTINGS - ^CONTROLS - 
ACCUMULATORS - HEAT EXCHANGERS - GAS GENERATORS - 
TURBINES - MOTORS - PUMPS. FLUID CONDITIONERS - 
FLUID TANKS - PRESSURIZATION PROCESSES - ACQUISITION 
DEVICES - GAS PRESSURE BOTTLES 


PROGRAM OUTPUT 


OUTPUT FORMAT - HARD COPY 

- PLOT COPY 

- TAPE GENERATION 

- DRUM STORAGE 

PARAMETRIC RECYCLE - DATA RETRIEVAL 


FIGURE 1.1.2 -1 MAJOR PROGRAM STRUCTURE 
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the dependent variables, and the independent variables — in order of use. The tabu- 
lated array data is carefully ordered such that curve fitting routines can extra- 
polate data points with good accuracy and speed. The prepared data array is punched 
into data card decks and verified for correctness . The procediire is illustrated in 
Figure 1. 1.2-2. All data tables are logged as to reference, source, date of data 
acquisition, and pertinent data limitations such as range of application, etc. 

Since a large volume of table data can be required by the program, a unique data 
management set of subroutines is employed to retrieve any particular table and 
extract the required information with remarkably high speed and accuracy. Addi- 
tionally, a machine plotted and/or printed tabulation "echo" of the tables can 
be requested for easy table ininit checking - 

The program currently contains forty-six tables and currently will accommodate up 
to fifty tables for a total of 7000 words. 

The second type of input data is "variable" and contains the variable input para- 
meters which may be perturbated for parametric system studies. These data include 
duty cycle characteristics, configuration, description, and operational requirements 
of the system being studied. The variable input values are printed out just prior 
to the system computed data output as a means of input verification. 

The general program input data requirements by type of data and source is illiis- 
trated in Figure 1. 1.2-3. 

1.1. 2. 2 PROGRAM COMPUTATION LOGIC 

In order for the Integrated Math Model to accomodate the possible range of cryogenic 
systems likely to be considered and perform as a general systems analysis tool, 
the following three premises are established: 

(l) Any logical combination of supply tanks, lines, fittings, valves, regulators, 
heat exchangers, gas generators, pumps, accumulators, and "cryogen-consumer" 
components can be specified as a system configuration point. 

(2) The "cryogen-consumer" component may be any of the components being supplied 
with cryogenic fluids. 
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COMPONENT CHARACTERIZATION DATA 



TABLE 
DATA 
PUMP WGT 
= 215 
X Y 



/ DATA CARDS 
I COMPONENT 
I DATA 

I TABLE INPUT 


CRVOGEN PROPERTIES DATA 


SOURCE 
DATA 
LYOGEN - 

INTERNAL 

ENERGY 


TABLE 

DATA 

CRVOGEN Xg 


= 0.26 

Y 


[ 


DATA CARDS 
CRVOGEN 
PROPERTIES 
TABLE INPUT 


SOURCE 

DATA 


XXXX-TX 

ALUMINUM 



temp °R 


MATERIALS PROPERTIES DATA 


TABLE 

DATA 

ALUMINUM 
XXXX-TX 
F. 


tu 

X 


DATA 

Y 


SOURCE -XXXXl 


[ 


DATA CARDS 
MATERIALS 
PROPERTIES 
TABLE INPUT 


LK 



FIGURE 1. 1.2-2 SOURCE DATA PREPARATION SEQUENCE 
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— LMSC DATA 
-NASA DATA 
—NATIONAL LABS DATA 
-Sl'PPLIEB DATA 
-THEORETICAL DATA 
-TEST DATA 


SOURCE DATA 
COMPONENT 
CHARACTERI- 
ZATION DATA 
CRYOCEN 
PROPERTIES 
MATI- PROP 
OTHF3I 



MISSION DEFINITION- 


BASIC ENGINEEKINO 
ANALYSIS, THERM. • 
TOP, FLUTO 


SYSTEM SCHEMATIC 
FUNCTIONA L SEQUENCE 


Dl.TY CYCLE 
DEFINITION 


COMPONENT 

PARAMETERS 


CONFIGURATION 

SEQUENCE 

CAS 

FUEL CELL 
LINE 
FITTING 
LINE 

CONTROL 

UNE 

TAP 



FIGURE 1. 1.2-3 PROGRAM INPUT REQUIRMENTS BY TYPE OF DATA 
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(3) An integrated cryogenic system may contain a number of similar and/or 
different cryogen subsystenB to be fed from a common cryogen supply 
source . 

Although these premises appear to force the generation of a very large pro- 
gram, an examination of the six basic individual cryogen system concepts reveals 
a marked similarity and commonality of components by kind. Table 1. 1.2-1 illus- 
trates adequately the fact that there are less than twenty-five kinds of major 
component assemblies to be considered, additionally, the temperatures, pressures, 
and flow rates are for the most part within reasonable range spans, thus further 
reducing the quantity of data to be manipulated. 

1.1,3 PROGRAM OPERATIONAL SEQUEICE 

The program capability for accommodating a number of different kinds of systems 
analysis, derives from the \ise of built-in sequencing indices. The indices 
are stored as data statements in subroutine ST0PTA, and are readily available 
to a programmer or knowledgeable program-user for restructuring, if necessary. 

The indices are used by the various system analysis subprograms to direct the 
analysis from one set of procedural steps to the next in. a preprogrammed 
manner. The details of the program operational sequence for the various systems 
to be analyzed are explained in the following subparagraphs. 

1.1. 3.1 PROGRAM imATION AKD CONTROL 

Program initiation is accomplished through by the driver subroutine C0MRL. 

This subroutine initializes the data storage subroutines and reads the first 
card of the input data deck for iiie user's name and program title. Following 
this a call to subroutine IRTAB reads in table data deck (or file) to storage. 

As a check on the correctness of the data table input, subroutine INTAB causes 
an "echo" printout of the selected table numbers to be printed for visual 
reference. A typical "echo" print is illustrated in Table 1.1. 3-1* Note that 
the "echo" also permits verification of the number of words in any given table, 
thus aiding the user in troubleshooting incomplete table entries . C0NTRL then 
reads in the name and type of system to be evaluated. This is followed by a call 
to subroutine C0MPIL which reads into core the cryogen system input data deck 
containing the system duty cycle, configuration sequence, and jertinent system 
and component parametric information. 
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Subroutine C0NTRL next calls subroutine CRYC0N to process the calculations re- 
quired for the system being considered. Completion of the required calculations 
causes program control to retvim from CRYC0N to C0MTRL. Subroutine C0NTRL then 
tests to see if additional system data decks are to be read in, if so, it does 
and repeats the cycle; if not, C0KTRL calls EXIT and terminates the run. 

Brief flow-charts for C0NTRL, C0MPIL, and CRYC0N are presented in Figure 1.1. 3-1^ 
-2, and -3* 
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TABLE 

NL'IIBER 

1 

2 
3 
‘t 
■5 
6 
7 

a 

9 
10 
1 1 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

2 5 

26 

27 

28 

29 

30 

31 

32 

33 

34 

3 5 

36 

37 

38 

39 

40 

41 

42 

43 

44 

4 5 

46 


TABLE 1.1.3"! 

DATA TABLE SELECTION "ECHO" 


TITLE OF TABLE 

NUMBER OP 

NUMBER OF 

number of 


DIMENSIONS 

SUBTABLES 

WORDS 

RCS-TKRUSTER WEKiHT 

4 

6 

122 

RCS-VAC. SP. IMPULSE 

3 

3 

68 

SPEC.LT/i B OP 02 REMOVED 

3 

S 

206 

SPFC.KT/I.B OP M 2 REMOVED 

3 

S 

184 

TEMP. /Ln. OF 02 REMOVED 

3 

s 

184 

TEMP. /LH. OF M 2 REMOVED 

3 

s 

1 R? 

RR/ VS P 0 G»M/RtP 4 M 8 ,PCHP 

S 

12 

RS 

KK VS FGr,,M/B»PAMB,Fa:P 

S 

12 

RS 

CMS EMGIME '..'FIGHT 

3 

3 

SO 

OMS VAG. SP. IMP'JLSE 

3 

3 

68 

HEX HOT GAS FLOW - L 02 

S 

24 

133 

HEX MCT GAS FLOW - LH 2 

S 

12 

7 l 

GAS GEMERAToR weight 

4 

10 

220 

1.02 TPAMSFER PUMP WEIGHT 

S 

8 

1 30 

L!I 2 TRAMSFFP PUMP WEIGHT 

S 

8 

1 30 

MOTOR '.iEICHT 

3 

S 

1 20 

VAC, JAC.DIA. VS, WEIGHT 

2 

1 

34 

PHI - HYDROGEN 

3 

s 

172 

Temp, of n 2 vs rho f(P) 

3 

s 

IPO 

HT.XFEr:.C 0 EF.-H 2 

3 

4 

106 

HT.XFER.C 0 EF.- 02 -N 2 

3 

4 

1 38 

FTU OF 321/347 ST. STEEL 

2 

1 

32 

FTU OF 22 I 9 -T 87 ALUM. 

2 

1 

36 

FTU OF 6061-76 ALUMINUM 

2 

1 

30 

FTU OF IMCOMFL -718 

2 

1 

30 

FTU OF TI- 6 AL- 4 V 

2 

1 

30 

HEAD coefficient VS NS 

2 

1 

34 

adiabatic EFF, VS MS 

2 

1 

44 

EFFIC. QI'OT.VS IMP. OIAM 

2 

1 

46 

RASF LINE STAGE WT VS DI 

2 

1 

28 

Saturated steam, t.vs p. 

2 

1 

46 

sp.i:t. of o-u comb. prod.. 

3 

4 

1 14 

OXVGEK IMTFRN. 4 L ENERGY 

3 

S 

166 

HYDROGEN INTERNAL ENERGY 

3 

5 

216 

OXYGEN INTERNAL ENERGY 

3 

S 

142 

OXYGEN VAPOR PRESSURE 

3 

S 

166 

HYPROGEf'! VAPOR PRESSURE 

3 

S 

216 

OXYGEN VAPOR PRESSURE 

3 

5 

142 

enthalpy of 1.02 

2 

1 

46 

FNTHALPY op LH 2 

2 

1 

24 

emti:.alpy of helium 

3 

S 

142 

OXYGEN enthalpy (GAS) 

3 

S 

08 

HYDROGEM ENTHALPY (GAS) 

3 

S 

122 

RETA FACTOR 

2 

1 

28 

SIGMA-PELTAP FOR HEXELC 

3 

S 

172 

beta values for H 2 

3 

s 

TOTAL TABLE STORAGE 

l 68 
s S 024 
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Fig. 1. 1.3-2 Flow Chart for Subroutine 
C0MPIL (Simplified) 


SUBROUTINE 

C0MPIL 


INCLUDE 
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111 READ ENGINE CONSUMER DATA - ECHO DATA 


112 READ NEW CONSUMER DATA - ECHO DATA 


120 READ LIFE SUPPORT CONSUMER DATA - ECHO DATA 
130 READ FUEL CELL CONSUMER DATA - ECHO DATA 


READ TANK PARAMETER DATA - ECHO DATA 


DO 2000 JSIM = 1,5 )<:3- 


IF (INBLK (SYNSUM, JSIM, SCRIT) = 0) 
GO TO 2000 


GO TO (1100, 1200, 1300, 1400, 1500), JSIM 


1100 READ ACCUMULATOR DATA - ECHO DATA 


1200 READ HEAT EXCHANGER DATA- ECHO DATA 


1300 READ PUMP, TURBINE, LOW PRESSURE 
PUMP DATA - ECHO DATA 


1400 READ HEAT SOURCE DATA - ECHO DATA 


1500 READ M0TOR DATA - ECHO DATA 


2000 

CQ^NTINUE 




RETURN 


LMSC-A991396 













Page Ii^lentionaUy Left Blamk 


Fig. 1. 1.3-3 Flow Chart for Subroutine 
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1.1. 3. 2 Program Sequencing Subroutine. The mechanism for controlling the 
analysis sequencing is set up in Subroutine CRYC0N. This subroutine performs 
the major branching functions of calling in the various subprograms needed for 
each specific system type analysis. Key variables used by CRYC0N to effect this 
control over the analysis sequencing are SYSNUM and SCRIT. For each cryogen ‘ 
system (and system kind) there exists a preprogrammed set of induces stored 
on a data statement | KSUBC [sYSNUM, I | j which defines the order in which 
the major anal 5 d;ical subroutines will be called. This set of indices are used in 
CRYC0N for sequencing purposes. 

1. 1. 3. 2. 1 Program Calculations Sequence. The initiation of specific system calcula- 
tions occurs in Subroutine CRYC0N. For any of the five cryogen systems, CRYC0N 
will obtain from labeled common CCNTRL, the values for SYSNUM and SCRIT. 

This permits access to the indices stored in the preprogrammed set of data statements 
KSUBC (SYSNUM, I). The branching index JKM (see Fig. 1. 1.3-3) then can assume 
the value of each stored sequencing index in a given KSUBC data statement as CRYC0N 
cycles through its "I" loop. Concurrently , as each JKM index is picked up, CRYC0N 
tests to see if the specified subprogram requires a "user signalled" diagnostic 
switch to be turned "ON" or left "OFF. " This is an especially useful feature when 
debugging changes to subprogram coding. Values for MDTRC , the diagnostic indices, 
are entered by the user in the system run data deck (see Section 1.2). The KSUBC 
data statements are physically located in Subroutine STODTA and are available through 
labeled common CCNTRL via an INCLUDE statement. 

The index "K" employed in CRYC0N is used to indicate initial or final conditions 
for subroutine TSIZEI (K). For the specific requirements of an Auxiliary Power 
System analysis (APU), the value of "K" can only be set equal to two (2). For 
all other system analysis "K" is set equal to one (1) the first time called and set 
equal to two (2) the second time called. 
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The index "LREPT” is employed, by CRYC0N, only when processing a super- 
critical APU system. Its use permits the recycling (starting over again) of 
subroutine APUSUP when that subprogram determines that the fuel mixture 
ratio (O/F) input value is too low and yields impossible temperature values. 

At that point the subprogram incrementally raises the O/F ratio and reruns 
the analysis. If three attempts fail, the subprogram quits and terminates the 
analysis . 

The manner in which the sequential execution of CRYC0N can vary is explained 
in the subsections which follow. 

1.1. 3. 2. 2 AC PS — QMS Systems Calculation Sequence. If, for example, a sub- 
critical cryogenic reaction control system (ACPS) had been chosen for analysis, 
the following would be the sequence of events executed by subroutine CRYC0N. 

The values assigned to SYSNUM, SCRIT, and KSUBC (SYSNUM, I) would be: 

SYSNUM = 1 (For ACPS) 

SCRIT = 1 (Subcritical System) 

KSUBC (1, I) (KSUBC for ACPS) 

and the preprogrammed Data Statement to be used would be: 

DATA (KSUBC |l, l| , I = 1, NBRSR)/6, 4, 10, 9, 8, 1, 10, 11, 2/ 
where "NBRSR" is defined as 9 in PDP-CCNTRL. 

There are , therefore , nine subprograms to be called in the reaction control system 
analysis . 

Referring to the CRYC0N Flow Chart (Fig. 1. 1.3-3), note that statement 10 sets 
1 = 1 for the first pass in the calculation loop. Statement 20 then sets JKM = KSUBC 
(SYSNUM, I), or, literally equal to KSUBC (1, I) which is the first of the nine 
values defined in the data statement body. Thus JKM = 6 in the first loop pass. 
Statement 50 is a "computed" GO TO statement which in this instance literally says 
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GO TO the JKM (6th) value within the parenthesis , or GO TO Statement 500 , 
which calls subroutine C0NSUM. Thus, the order of subprogram execution, in 
sequence , by subroutine CRYC0N for a reaction control system analysis would be 
as shown in the table below: 


Table 1.1. 3-2 

CRYC0N EXECUTION SEQUENCE FOR ACPS ANALYSIS 


Loop 

JKM 

G0 T0 

Subprogram 

Pass 

Value 

Statement 

Called 

1 

6 

500 

C0NSUM 

2 

4 

’ 400 

CMPCAL 

3 

10 

800 

TSIZEI(l) 

4 

9 

700 

TANK 

5 

8 

600 

LIQRES 

6 

1 

100 

ACCRES 

7 

10 

800 

TSIZEI(2) 

8 

11 

900 

WTACC 

9 

2 

200 

ACQWT 
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The above table holds true for an orbit maneuvering system (subcritical cryogen) as 
well, since the only significant differences are larger engines and fewer, but larger, 
component parts. 

Upon completion of nine loop passes through CRYCON, accomplishing all of the 
calculations required by the respective subprograms, the final step is a call to 
subroutine OTPWSM which extracts from the labeled common storage, the values 
needed for a system weight summary and outputs these data in a formatted weight 
summary table. Fh’ogram control returns to subroutine CONTRL for either execution 
of a second case (system analysis) or termination. A general flow chart for a typical 
reaction control system analysis is presented in Figure 1.1. 3-4. 

1.1. 3.2.3 APU System Calculations Sequence. For the Auxiliary Power ^stem analysis, 
two operating system types are possible; a subcritical cryogen fluid supply subsystem 
and a supercritical cryogen fluid supply subsystem. 

It is therefore necessary to provide a means of altering the preprogrammed values to 
accommodate both cryogen fluid supply subsystems. This is accomplished by pre- 
programming KSUBC (2,1) for the more likely supercritical fluids case, and modifying 
the data statement when considering the subcritical cryogen fluid supply subsystem. 

This data statement adjustment is automatically taken care of in subroutine CRYCON 
D06 loop as shown in the Flow Chart (Ref. Fig. 1. 1.3-4). The D06 loop will reverse 
the second and third values of the data stored as KSUBC (2 ,1) depending upon the value 
assigned to SCRIT. JAPUS (SCRIT, I) is the variable accomplishing the switch in 
value. The data statements defining JAPUS are stored in subroutine STODTA. 

Subcritical Analysis : For an APU system requiring a subcritical cryogen fluid 
supply subsystem, the values assigned, via input, to the variables SYSNUM, SCRIT 
and KSUBC (SYSNUM, I) would be 

SYSNUM = 2 (For APU) 

SCRIT = 1 (For Sub critical) 

and KSUBC (2 J) 

The preprogrammed data statement stored in core is 

KSUBC (2 I) I = l,9)/6 3 4 10 11 2 0 0 0/ which is actually the sequence for a 
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Fig. 1. 1. 3-4 General FL0W Chart For ACPS- 
0MS System Analysis (Sheet -1) 
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Tig. l. l.;3-4 General Flow Chart for ACAS-0MS 
I ' System Analyses (Sheet-2) 


CONTINUED FROM SHEET-1 


CRYCQN 
CALL 
XMPCALy^ 




[CRYCS\ 


CALL 
TSIZEI / 


£ 


CRYC0N 

CALL. 

TANK 




CMPCAL 


1 


♦COMPUTES PRESSURE DROP IN LINES, 
FITTINGS, VALVES FOR LIQUIDS 
AND GASES. 

♦COMPUTES WEIGHT AND FLOW RATES 
FOR GAS GENERATORS. 

♦CALLS LWEGHT FOR LINE WEIGHTS. 

♦CALLS CFTW FOR VALVES, CONTROLS 
AND FITTINGS. 

♦COMPUTES TURBINE WEIGHT. 

♦CALLS HEATEX FOR HEAT EXCHANGER 
WEIGHT AND SIZING. 

♦CALLS PUMP FOR PUMP WEIGHT AND 
SIZING. 

♦COMPUTES MOTOR WEIGHT FOR 
SPECIFIED PUMP REQUIREMENT. 

♦CALLS COMFL0 FOR COMPRESSIBLE 
FLOW CALCULATIONS. 

♦CALLS FINTAB FOR TABLE DATA REQ'D 
BY INDIVroUAL CALCULATIONS. 


c 


RETURN 
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TSIZEI 


COMPUTES INITIAL TANK SIZE FOR 
TANK SUBROUTINE 

RETURN 



TANK 

♦COMPUTES TANK PRESSURE AND WEIGHT 
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♦COMPUTES ULLAGE GAS WEIGHT 
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IJ'ig. 1. 1. 3-4 General Flow Chart For ACPS-OMS 
j System Analysis (Sheet 3 ) 
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supercritical subsystem. Therefore, the first action by CRYC0N is to reset the 
second and third values in a two-step loop as follows: 

1st; KSUBC(2,2) = JAPUS(l.l) = 4 
2nd; KSUBC(2,3) - JAPUS(1,2) = 3 

and the reversed data statement becomes: 

KSUBC(2,I),F = 1,9/6, 4, 3, 10, 11, 2, 0, 0, 0/ 

Note that only six subprograms are called in an APU analysis. The order of sub- 
program execution, in sequence, is presented in the following table. 

Table 1.1. 3-3 

CRYCON EXECUTION SEQUENCE FOR AN APU SUBGRITICAL SYSTEM ANALYSIS 


Loop 

JKM 

G0 T0 

Subprogram 

Pass 

Value 

Statement 

Called 

1 

6 

500 

C0NSUM 

2 

4 • 

400 

CMPCAL 

3 

3 

300 

APUSUB 

4 

10 

800 

TSIZEI(2) 

5 

11 

900 

WTACC 

6 

2 

200 

ACQWT 

7 

0 

2200 

Terminates Loop 
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Upon leaving the sequence loop subroutine CRYCON calls subroutine OTPWSM 
to output the component and system weight summary. Program execution returns 
to subroutine CONTRL which checks to see if another case (same system, or, 
new one) is to be run, or if program termination is in order. 

Super -critical Analysis : 

For an APU system requiring a super -critical cryogen fluid supply subsystem, the 
input values assigned to the variables SYSNUM, SCRIT and KSUBC (SYSNUM, I) would 
be: 


SYSNUM = 2 (For APU) 

SCRIT -2 (For Super -critical) 

and KSUBC (2, I) 

Assuming, for example, that the supercritical case is rim as the second case in a multi - 
case run (not necessarily so) the preprogrammed data statement in core would still be, 
KSUBC(2, I), 1 = 1, 9)/6, 4, 3, 10, 11, 2, 0, 0, 0/. The first activity in CRYCON, 
since SYSNUM = 2 , will be to reset the second and third value of the KSUBC data in a 
two-step loop as follows: (SCRIT = 2) 

1st KSUBC(2,2) = 3 
2nd KSUBC(2,3)=4 
and the revised data statement becomes; 

KSUBC(2,I), 1 = 1, 9)/6, 3, 4, 10, 11, 2, 0, 0, 0/. 

The order of sub-program execution, in sequence, is presented in the following table: 
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Table 1.1. 3-4 

CRYC0N EXECUTION SEQUENCE FOR AN APU SUPERCRITICAL 

SYSTEM ANALYSIS 


Loop 

JKM 

G0 T0 

Subprogram 

Pass 

Value 

Statement 

Called 

1 

6 

500 

C0NSUM 

2 

3 

300 

APUSUP 

3 

4 

400 

CMPCAL 

4 

10 

800 

TSIZEI(2) 

5 

11 

900 

WTACC 

6 

2 

200 

ACQWT 

7 

0 

2200 

Terminates Loop 


Upon leaving the sequence loop CRYC0N calls subroutine 0TPWSM to output the 
component and system weight summary , and then retiirn program execution to 
subroutine C0NTRL. 

1 . 1 . 3 , 2 . 4 Life Support System Calculation Sequence. For the Life Support System 
analysis , the cryogen fluid supply subsystem is by definition a supercritical subsystem 
with a relatively simple and straightforward plumbing structure . It is also unique 
among the other systems, in that the cryogen fluids employed are oxygen and nitrogen. 
Because of this fact, and the need to maintain overall program variable storage require- 
ments at a level that will fit into core , it was decided not to expand the program variable 
arrays to accommodate a third cryogen fluid, but instead, to use those portions of the 
arrays normally used for the hydrogen fluid to store the nitrogen fluid parameter values . 
Consequently, the Life Support subprogram became a fairly large self-contained sub- 
program, designated as subroutine ECLSS. Hence, subroutine CRYC0N makes only 
one call for the subprogram. In the case of a Life Support System analysis, the 
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values assigned, via input, to the variables SYSNUM, SCRIT and KSUBC (SYSNUM, I) 
would be , 

SYSNUM = 3 
SCRIT = 2 


and KSUBC (3,1). 


The preprogrammed data statement stored in core for this system analysis is , 
(KSUBC(3,I), I = l,9)/7, 0, 0, 0, 0, 0, 0, 0, 0/. And the order of subprogram exec- 
ution by subroutine CRYCON is as shown in the following table: 

Table 1.1. 3-5 

CRYCON EXECUTION SEQUENCE FOR A LIFE 
SUPPORT SYSTEM ANALYSIS 


LOOP 

JKM 

GO TO 

SUB -PROGRAM 

PASS 

VALUE 

STATEMENT 

CALLED 

1 

7 

550 

ECLSS 

2 

0 

2200 

Terminates Loop 


As stated previously CRYCON calls subroutine OTPWSM, outputs the weight summaries 
and returns to CONTRL for a new case, or termination of the program. 

1. 1. 3.2. 5 Fuel Cell System Calculation Sequence. The cryogen fuel cell system as 
defined by this study is a fuel cell array fed by a supercritical fluids storage and 
supply subsystem. Further, the energy required for conditioning the reactant fluids 
and maint aini ng their super -critical condition in storage is wholly derived from the 
reject heat of the fuel cells. The subprogram which characterizes the fuel cell system 
is subroutine FUELCL. This rather large sub -program performs the system sizing 
calculations based upon the mass and energy transfer requirements of the input 
performance and duty cycle constraints. 
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The individual fluid circuit components and line segments are sized and weighed by 
subroutine CMPCAL which additionally supplys pressure drop calculations for the 
main reactant circuits. 

For a fuel cell analysis, subroutine CRYC0N has the values assigned, via input 
data, for SYSNUM, SCRIT and KSUBC (SYSNUM, I), as follows: 

SYSNUM = 4 
SCRIT = 2 

and KSUBC (4,1) 


The preprogrammed data statement stored in core for fuel cell system analysis is , 
(KSUBC(4,I),I = l,9)/5, 4, 0, 0, 0, 0, 0, 0, 0/. 


The order of sub -program execution is as given in the following table 


Table 1.1. 3-6 

CRYC0N EXECUTION SEQUENCE FOR A FUEL 
CELL SYSTEM ANALYSIS 


Loop 

JKM 

G0 T0 

Subprogram 

Pass 

Value 

Statement 

Called 

1 

5 

450 

FUELCL 

2 

4 

400 

CMPCAL 

3 

0 

2200 

Terminates 

Loop 


When the internal loop is terminated CRYCON calls subroutine OTPWSM, outputs the 
weight summaries and returns to CONTRL for a new case, or termination of the 
program. 

1, 1. 3. 2. 6 Orbit Maneuvering System Calculation Sequence The orbit maneuvering 
system (OMS) employed in this study was defined to be a subcritical cryogen fluids 
pump -fed system. The OMS and ACPS analysis procedures are quite similar program - 
wise, with the principal differences being engine size, component size and the fact 
that the OMS has fewer , though larger components . 
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For an OMS analysis, SYSNUM, SCRIT and KSUBC (SYSNUM, I) will have the following 
values: 


SYSNUM = 5 
SCRIT = 1 

and KSUBC (5,1). 

The preprogrammed data statement stored in core for OMS analysis is: 

(KSUBC(5,I),I = l,9)/6, 4, 10, 9, 8, 1, 10, 11, 2/ 

The order of sub-program execution by sub-routine CRYCON is identical to the order 
given in Table 1. 1.3-2, and the subsequent remarks following that table. 

1.2 INPUT DATA 

The input data deck structure will vary according to the system to be analyzed and the 
type of fluid storage system employed. All input data cards are read within the body of 
subroutine CONTRL. The segments of input data to be read are generally divided into 
two groups; (1) input data common to all system analyses and (2) input data specific to 
a given system analysis Necessarily a variety of read statement formats must be 
used and these are defined in labeled card formats given later in this discussion . 

In general, a data input deck, for any system to be analyzed, will be made up of a set 
of card groups from the following group list: 

(a) User Identification Card (First Header Card) 

(b) Case Title Card (Second Header Card) 

(c) Table Data Echo Control Card 

(d) Add-File Card - To cause loading of "Table Data" file - or - Actual "Table Data" 
Deck may be placed here, replacing the Add-File card 

(e) System Definition Card 

(f) Configuration Definition Data Cards 

(g) Duty Cycle Definition Data Cards 

(h) Consumer Characterization Data Cards 

(i) Fluid Storage Tanks Characterization and Configuration Data Cards 

(j) Fluid Accumulator Characterization Data Card 

(k) Heat Exchanger Characterization Data Cards 

(l) Pump and Turbine Characterization Data Cards 
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(m) Heat Source Characterization Data Cards 

(n) Motor Characterization Data Cards 

Cards (a), (b), and (e) are read directly by subroutine CONTRL. Cards (c) and (d) 
are read by subroutine INTAB, called by CONTRL. Cards (f) through (n) are read 
by subroutine COMPIL, called by CONTRL. 

1.2.1 Input Data - Card Definition and Description 

Data definition and input card descriptions for data contained in the fourteen data card 
groups are presented in detail in the following subsections. Card data formats are 
presented in Subsection 1.2. 

1.2 1.1 User I. D. and Case Title Cards. 

Gp(a) Card4 

The User I. D. card identifies the analyst making the program run. This card is 
required in every run deck. The card contains the following information: 

Name, Dept. , Bldg. , Extension 
Gp(b) - Card-1 

A case title card is to be provided for every system data deck as a means of providing 
run identification for the system being evaluated. Seventy -two (72) spaces are provided 
for the title. Short titles are to be centered in the 72 spaces. 

1 . 2 . 1 . 2 Table Data Input Cards. 

Gp(c) - Card-1 

This card is the Table Data Echo control card. The variables contained on the card are 
IFT, OFT, NPRT, NPRT2 

jprp _ Table Data Input Drum Unit 
OFT = Table Data Output Drum Unit 
NPRT = Table Data Echo Print Control 

= 0, Print All Tables, One Table per Page 
= 1, Print No Table Output 

= 2 , Print All Tables with no page eject - Table Dump 
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NPRT2 

NPRT 

NPRT2 


Control for Table Summary 


1 

1 


'y Print Brief Table Summary 


Gp(d) - Card-1 (Normal Setup) 


If the Table Data has been entered and stored as a DATA File , then the Data File may 
be assigned and Card-1 here will be a simple: 

@ ADD,P FILNAM 
where 

FILNAM is the Data File nemonic. 


If the Table Data is on cards to be read in at this time , then the Gp(d) cards will be 
the actual table data card sets as described in detail in Subsection 1.2.6. 


Alternate Table Deck Input; (N-sets) 
Gp(d) Card-1 


The Table 
Title 
ND 
NC 
IP 


NT 


I.D. and Control Card will contain the following information: 
~ Table Title (Description) 

— Number of Dimensions in Table (MAX = 7, MIN = 2) 

~ Number of Comment Cards in Table 
~ Plot Option 

(O = No Plot, 1 = Plot Table) 

“ Table Number 


GP(d) Card -2 


Table Comment Card - Gives further description of table data and data reference 
sources. There may be NC comment cards. 

Gp(d) Card -3 


Table Subset Variable Card - Specifies additional variable and its values for 
Table Data Subsets. 


36 

LOCKHEED MISSILES & SPACE COMPANY 


LMSC-A991396 


LABV — Variable Label 

NP “ Number of Values to be used (is also number of data subsets) 

TAB — Value, Value , ‘‘ ’Value 

z np 

There must be (ND-2) of these cards present in Table Set. (ND = Number of 
dimensions in Table) 

Gp(d) Card -4 

Table Plot Control Card - Contains X-axis label, Y-axis label, X-MIN value, X-MAX 
value. One card is required for each Table Set. 

Gp(d) Card -5 

Table Data Subset Characterization Card - card contains: 

NV ~ Number of Data Point Sets (X,Y) or Number of coefficients 
TYPE ~ Type of Data in Table 

= 0 , Coefficients of polynomial 
= 1 , Discrete data points from curve 
= 2, Equation 

NIP “ Number of points to be used for data interpolation 
<: NV 

> 1 

= 2 , Linear Interpolation 
= 3 , parabolic or hyperbolic interpolation 

There must be one of these cards for each data sub -set in the Table Set. 

Gp(d) Card-6 

Table Data Card - : 

For discrete data there are three data sets (X,Y) per card arranged in order of 
increasing values of X, for NV sets of points. 

For coefficients; coefficients are arranged in order of power and NV coefficients 

2 

are read. (For example: Cj^X + CgX + C^ = 0; Input as C^^, Cg, Cg and NV = 3) 
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There are NV/3 discrete data cards required, or NV/6 coefficient data cards 
required. 

There will be N sets of the Gp(d) table card sets, where N equals the number of Table Data 
sets required for the program. 

1.2. 1.3 System Definition Card 
Gp(e) Card-1 

The system definition card provides the system identification; specifies whether 
the system has a subcritical or super -critical fluid supply subsystem; specifies 
whether or not additional systems are to be read in for additional case consideration; 
and, specifies which subprogram diagnostic switches are to be activated. The 
variables which are read are: 

NSYS ~ First three letters of system name 
N1 ~ Additional six alpha spaces for rest of system name 
NCRIT ~ First three letters of subcritical or super -critical 
MDTRC ~ Diagnostic switch for eleven subprograms 

0, or, blank for NO Diagnostics 

1, turns ON Diagnostic switch as defined in PDP-CCNTRL 
There must be one system definition card in each system input deck. 

1.2. 1.4 System Configuration Definition Data Cards 
Gp(f) Card-1 

The system configuration definition data represents the program image of the 
system schematic diagram. Only one (1) card format is employed which functions 
as a data input card, and as a configxmation table END card. The flexibility of 
the data format card in providing different kinds of information resides in the 
technique of reading the array and changing the variable name to correspond to 
the value entered at any point in the array. Since each data card represents a 
specific item, such as, fluid, component, or line segment, and their associated 
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parameters, the data array is conveniently manageable. 

The variables which are allocated to the card are as follows; 

CFUNCT — Six alpha characters which specify either the fluid, consumer 

assembly, or system component item, currently being considered. 

The allowable names are defined in DATA (FNAME) located in 
subroutine STODTA, and further described in PDF -CONFIG 

CFTYPE “ A single, or, two digit number which characterizes the type or 
kind of fluid, consumer assembly, or system component item 

CNOPER “ Single digit number - for number of consumer assemblies , or 

component items operating in parallel; or, in the case of a fluid, 
the digit specifies the fluid state (i.e. , 1 = gas; 2 = liquid) 

CNSTBY — Single digit number - for the number of consumer assemblies or 
component items in parallel standby condition (not operating) 

CMTYPE — Single Digit Number which specifies the material type for the 

system component item. CMTYPE values are defined in PDP- CCNFIG , 

FRCOEF — Variable containing the friction coefficient applicable to the system 
component item being considered 

LOD “ Length over Diameter Ratio , or , Length applicable to the system 
component item under consideration (Real Number) 

DIAM ~ Diameter (I.D. or Port) applicable to system component item being 
considered 

CITYPE “ Integer defining Insulation Type employed for system component 
item being considered 
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ITHICK — Insulation thickness (Real Number) for system component item under 
consideration 

NEAR — Number (Real) of insulation layers per inch of thickness for ’ 
component item being considered 

CODE — Six alpha character code name for component item under consideration, 
(i. e. , PS02 , etc.) 

There must be one card for; (a) each fluid and fluid state change, (b) each fluid 
system consumer , (c) each fluid system component item , and (d) each fluid system 
line segment item. The cards are arranged starting with the oxidizer fluid 
system side and working from the consumer toward the fluid supply source . This 
is followed by the same arrangement for the fuel fluid side of the system. A typical 
configuration table is illustrated in the Input Data Deck Example given in Subsection 
2.5. The very last card in the configuration data set must have END entered 

in the CFUNCT field, since this is required in subroutine COMPIL to terminate the 
READ loop. (It is also advisable to use card columns 73-80 to number the configur- 
ation data cards . ) 

.2.1.5 System Duty Cycle Definition Data Cards 
Gp(g) Card-1 

The system duty cycle definition data cards contain the cyclic operating interval 
data required for each analysis. The variables employed are as given below. Note 
that the variable DCYCLE is in an array in which are stored alternate values of 
operating and non-operating time intervals: 

DCYCLE (I) ~ Operating Time Interval 

DCYCLE(I+1)~ Non-operating Time Interval 

PSI ~ Minimum Impulse Bit Degradation 

NEOP “ Number of Consumers Operating (Engines, Fuel Cells, etc.) 
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HP — Horsepower -Average Value In Interval 

PAMB — Ambient Pres sure -Average Value In Interval 

PKW ~ Power (KW) -Average Value In Interval 

RPRTIM ~ Time required per repressurization (cabin or airlock) during a given 
duty cycle Interval 

There must be one card for each of the defined duty cycle interval periods in total mission 
span considered. 

There must be a duty cycle end-card consisting of a negative number (i.e. , -1) in the 
DCYCLE (I+l) field 

1.2. 1.6 Consumer Characterization Data Cards . The consumer characterization data cards 
are specific to the system undergoing analysis and contribute the only significant change in the 
input data decks for the respective systems. Aside from the differing input data for the 
five kinds of consumer systems further differences occur when a given system has a sub- 
critical fluid supply subsystem, or when it has a super -critical fluid supply subsystem. Thus, 
there are seven separate consumer characterization data card sets which cover the range of 
program analysis capability. 

1.2. 1.6 1 Engine Consumer Data Cards; (ACPS or OMS). 



The engine consumer data card is utilized for both ACPS and OMS engine data since the 
required parameters are identical and the same variable names are used. The 
variables employed are defined as follows; 

NENG “ Integer number of engines operating 

GITEMP ~ Fluid Inlet Temperature to Engine(s) 


GIPRES ~ Fluid Inlet Pressure to Engine(s) 


THRUST — Developed Thrust per Engine 
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PSUBC — Engine Combustion Chamber Pressure 
EXPRAT — Engine Nozzle Expansion Ratio 

MIXRAT — Engine Oxidizer to Fuel Mixture Ratio (Real Number) 

The single card is usually marked by placing the term ENG in card columns 78-80. 

1.2. 1.6.2 APU Consumer Data Cards. The APU Consumer input data requires two cards 
for either a subcritical or super -critical fluid fed system. The first card used in both 
cases is identical, while the second cards contain different information. The input cards 
required are as follows: 

Gp(h-2) Card-1 (APU -Basic) 

The following variables are input on the APU -Basic card: 

NAPU — Integer number of APUs operating 

HPR ■“ Horsepower Rating of a single APU (Assumes all are identical) 

FMR — Oxidizer to Fuel Mixture Ratio of Gas Generator Driving APU Turbine 

PGG “ Exit Pressure of Gas Generator driving APU Turbine 

TIT — Turbine Inlet Temperature (Assumed also to be exhaust temperature 

of gas generator driving APU turbine) 

TD — Exhaust discharge temperature from fluid conditioning heat exchangers 

r 

Gp(h-2) Card-2 (APU-Subcritical) 

The variables input on the APU-Subcritical card are as follows: 

MRGGCH — Oxidizer to fuel mixture ratio for the gas generator driving the fuel 
fluid conditioning heat exchanger 
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MRGGC0 — Oxidizer to fuel mixture ratio for the gas generator driving the 
oxidizer fluid conditioning heat exchanger 

TDGGH ~ Discharge temperature of gas generator for fuel conditioning heat 
exchanger 

TDGG0 ~ Discharge temperature of gas generator for oxidizer conditioning 

heat exchanger 

TVH “ Temperature of residual vapor in fuel storage tank 

TV0 ~ Temperature of residual vapor in oxidizer storage tank 

TENV ~ Environment temperature around APU System 

Gp(h-2) Card-3 (A PU -Supercritical) 

The variables entered in the APU Supercritical data card are as follows: 

FMRG ~ Oxidizer to fuel mixture ratio for supplementary gas generator 

PFH ~ Final fuel tank pressure 

PF0 — Final oxidizer tank pressure 

TFH “ Final fuel tank temper atiire 

TF0 “ Final oxidizer tank temperature 

TG “ Exit gas temperatvire from supplemental gas generator 

DELPCP “ Pressure rise (Delta-P) in tank circulating pump 
TENV ~ Environmental temperature around APU system 
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1.2. 1.6.3 Life Support Consumer Data Cards . The Life Support Consumer Data Input 
variables require four input cards in two different card formats. The variables by 
card format are as follows: 

Gp(h-3) Card-1 (^2 = Oxygen, N2 = Nitrogen) 

MDAYS “ Integer number of days in mission 

NCREW ~ Integer number of crewmen on board spacecraft 

NRPRES ~ Integer number of cabin or airlock prepressurization planned for mission 

NDARES ~ Integer number of days of reserve fluids required 

02FN0M “ Metabolic oxygen requirement (lbs. per man-day) 

GLKRAT ~ Spacecraft atmosphere leakage rate (lbs. per day) 

TLSN(2^M ~ Nominal temperature of gases supplied for life support (1) = 0^; 

(2) = N2 

RH0BEG — Loading density at stored life support fluids (1) = 0 ^^ (2) = N2 

TKFTEM ~ Final fluid tank temperatures 
(1) = 0g; (2) = N2 

TKFPRS ~ Final fluid tank pressures 
(1) = 0g; (2) = N2 

TENVR ~ Environment temperature around life support fluid storage tanks 
CABVC^L ~ Cabin (or airlock) volume 
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Gp(h-3) Card-2 

LINDIA ~ Fluid line diameter entering fluid conditioning heat exchanger 
(1) =02; (2) = N2 

HTRFLX ~ Heater rating (BTU/HR-sq. in. ret. temp.) 

(1) For heaters in conditioning heat exchanger 

(2) For fluid tank heaters 

PLSN0M ~ Nominal pressure of delivered gaseous life support fluids 
(1) =02; (2) = N2 

HTRDIA — Fluid tank heater diameter 
(1) =02; (2) =N2 

HTRLNG ~ Fluid tank heater length 
(1) =02; (2) = N2 

PSETl ~ Lower pressure limit setting for 02 storage tank 

PSET2 ~ Lower pressure limit setting for N2 storage tank 


1 . 2 . 1 . 6 . 4 Fuel Cell Consumer Data Cards. The fuel cell consumer data input variables 
require four data cards in three different card formats. The variables arranged by card 
format are as follows: 


Gp(h-4) Card-1 

MRFC ~ Oxygen to hydrogen reactant mixture ratio for fuel cell 

SRCFC “ Specific reactant consumption (Ibs/KWH ©rated power output) 

QDTFC ~ Fuel cell heat rejection rate (BTU/KWH @ rated power output) 
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SPWTFC ~ Fuel cell specific weight (LB/KW § rated power output) 

TFCNOM ~ Nominal fuel cell gas fired temperature 
(1) =02; (2) = H2 

TF21IN ~ F21 coolant fuel cell exit temperature 

TF210U ~ F21 coolant fuel cell inlet temperature 

TF0FC “ Final 02 reactant tank temperature 

TFHFC — Final H2 reactant tank temperature 

PF0FC ~ Final 02 reactant tank temperature 

PFHFC “ Final H2 reactant tank temperature 

RH0FIL “ Reactant tank fill densities 

(1) = 02; (2) = H2 

W0VENT ~ Estimated 02 vent quantity 

WHVENT ~ Estimated H2 vent quantity 

DELTCP “ Pressure rise in reactant tank circulating compressor 

TENV “ Environment temperature around fuel cell system 

PRFC0P ~ Fuel cell operating pressure 

P0WN0M ~ Nominal fuel cell operating power level 


(h-4) Card -2 


NFC0P “ Integer number of fuel cells operating 
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NFCSTB — Integer number of fuel cells on standby 

PLSETl ~ Lower limit pressure setting for 02 reactant tank 

PLSET2 ~ Lower limit pressure setting for H2 reactant tank 

VJANUL ~ Vacuum jacket annulus spacing (inches) 

(1) = 02; (2) = H2 

TKMXDI ~ Maximum tank pressure vellel diameter permitted 
(design constraint - inches) 

(1) =02; (2) = H2 


Gp(h-4) Card-3 

FCV0LT ~ Nominal fuel cell voltage 

PRGRAT “ Nominal fuel cell purge rate 

(1) =02; (2) =H2 

PRGTIM “ Nominal fuel cell purge time (duration each purge) 

(1) =02; (2) = H2 

PRGINT ~ Purge interval in ampere hours 
(1) =02; (2) =H2 

1 . 2 . 1 . 7 Fluid Tank Data Input Cards . The fluid tankage characterization data cards are 
co mm on to systems encompassed in the major program. Variations which may occur in 
some systems are accommodated by simply entering zero values for the variables not used 
by the particular system considered. Tank geometry considerations are provided for in 
the program, with subprogram capability for calculating; spherical, cylindrical, cylindrical 
with hemispherical ends , cylindrical with conical ends , and combination tankage with a 
common bulkhead , hemispherical bottom and conical top with a hemispherical cap (such as 
the cryogen shuttle orb iter drop -tank). For special tank shapes having predetermined 
dimensions , the program will read in the dimensions and do the necessary calculations for 
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volume and surface area. For simple spherical tanks, or, simple cylindrical tanks with 
hemispherical ends , the program skips the special geometry input cards , and they must 
not be present in the input deck. The conditions controlling this branching option are 
specified in the tank geometry characterization sub -paragraph. 

1.2. 1.7.1 Fluid Tank Characterization DATA CARDS . The variables which characterize 
the fluid tank conditions and constraints are as follows: 

Gp(i-l) Cards 1-4 


N0P 


— Number of tanks operating on line (same fluid) 


SATYPE — Fluid acquisition device type 


SITYPE 


Tankage insulation type 


SMTYPE 


Tank construction material type 


SPTYPE 

SITEMP 

SIPRES 


Tank pressurization system type 


Tank initial fluid temperature 


Tank initial pressure 


SPGTEM 


Pressurant gas temperature (inlet condition) 


S0PRES 

SVPRES 


Tank operating pressure 
Tank vent pressure setting 


SHFLUX “ Heat leak flux into tank (BTU/HR-Sq. Ft.) (Optional) 


SITHIK ~ Tank insulation thickness (inches) 


FLDL0D Wgt. of fluid loaded into tank (optional) 


SULGPC ~ Percent ullage (initial value for tank) 
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SMDIAM — Maximum tank diameter (ft. ) 

SH0TEM ~ Tank conditioning heat exchanger cold fluid outlet temperature 

SHDELP ~ Tank conditioning heat exchanger cold fluid pressure drop (psi) 

SPDELP ~ Tank circulating pump pressure rise (psi) 

SG0TEM “ Tank conditioning heat exchanger gas generator outlet temperature 

SGGPC ~ Tank conditioning heat exchanger gas generator chamber pressure 

(outlet pressure) 

SGMRAT ~ Tank conditioning heat exchanger gas generator mixture ratio (0/F). 

SNBAR ~ Number of layers per inch of tank insulation material. 

(multilayer insulation only) 

Two sets of the above cards are read; the first set contains the data for the oxidizer 
tankage, and the second set contains the data for the fuel tankage. Two sets (8 -cards) 
must be present in the data deck, even if one set is blank. 


1 . 2 . 1 . 7 . 2 Fluid Tank Geometry Data Cards . 



Tank Option Card — Provides branching option to tank geometry subprograms 
when required for special tank shapes. 


IW0P — Integer number specifying tank geometry option 

N0SHAP - Integer number specifying number of tank shape cards to follow 
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Option Definitions 


If IWOP = 1 Subprogram will compute tank volume for a spherical tank. 

If diameter of spherical tank exceeds value of SMDIAM , subprogram 
will add a cylindrical section between hemispheres with diameter 
equal to SMDIAM to accommodate tank volume required. Subprogram 
prints out requirement for cylindrical tank giving length of cylinder 
and diameter. 

If IW0P = 2 Subprograms will compute all parameters for a "Specific 

General Tank Configuration" - to be specified on input cards 
following this card. 


If IW0P = 3 Subprograms will compute all parameters for a "Fitted General 
Tank Configuration" in which all tank segments are specified 
except the length of the major cylindrical section. This "Length" 
will be computed by the subprograms to "fit" the required tank 
volume generated by system fluid consumption computations. 

If, IW0P < 2, and NOSHAP = 0, the IW0P = 1 Option is executed automatically, and 
there are no tank shape cards following the option card. If, IW0PS 2, then N0SHAP 
must specify the number of tank shapes involved and that many "shape cards" will 
have to be present followir^ the Tank Option Card. 

Gp(i-3) Card-6 


Tank shape card(s) - the tank shape cards specify the geometric shape(s) involved 
in the tank structure in their order of consideration, the fluid contained by the tank, 
and the dimensions associated with each shape segment. The variables input in this 
card are as follows; 

JTKTYP — Integer value which specifies tank segment shape (see notes) 

JFLTP — Integer value which specifies fluid contained in tank segment shape 
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’ f ■ 

XD “ Shape "X" dimension (see notes) 

YD ~ Shape "Y" dimension (see notes) 

ZD ~ Shape "Z" dimension (see notes) 

Notes : Variable Specifications 

JTKTYP = 1, for cylinder 

= 2 , frustrum of cone 
= 3, hemi -ellipsoid 
= 4, cylinder plus hemi-ellipsoid 
= -2 , inverted frustrum of cone 
= -3, inverted hemi-ellipsoid (bulkhead) 

JFLTYP = 1, oxidizer fluid 

= 2, fuel fluid 

= -I oxidizer at common bulkhead 
= -2 , fuel at common bulkhead 

For JTKTYP =1, 

XD = Height (ft) 

YD = Radius (ft) 

For JTKTYP = 2 , or , -2 , 

XD = height (ft. ) 

YD = radius of top (ft. ) 

ZD = radius of bottom (ft. ) 

For JTKTYP = 3 , or , -3 

XD = radius along axis of rotation (ft. ) 

YD = radius perpendicular to axis of rotation(ft. ) 

For JTKTYP = 4 , 

XD = radius (and cylinder height) along axis of rotation (ft. ) 
YD = radius perpendicular to axis of rotation (ft.) 
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One card is necessary for each tank segment shape and the order of input is 
from the tank "Bottom" to the tank "Top". 

1.2. 1. 8 Accumulator Data Input Cards . For those systems requiring an accumulator tank 
for the storage of gaseous fluid, provision is made for inputing the required accumulator data. 
The branching function permitting the reading of data specified in this and the following 
subsections is controlled by preprogrammed data statements called "INBLK", defined as 
DATA ((INBLK(SYSNUM, I, J), I = 1,5), J = 1,2). The five data statements, one for each 
major system , define which of five sets of major component input data cards are to be 
read for any given system. The five INBLK data statements will be found in subroutine 
ST0DTA, INBLK is defined in PDP-CCNTRL. If INBLK(SYSNUM , 1, J) is set equal to 
one (1), the system requires and will read in accumulator data; conversely, if INBLK 
(SYSNUM , 1 , J) equals zero , no accumulator is required and the accumulator input cards 
will not be present in the input data deck. 

The variables which are input in the accumulator data input cards are as follows: six cards 
(two sets) are required since the variables for each fluid accumulator are entered separately. 
The variables for the oxidizer accumulator are entered first, followed by the variables for 
the fuel fluid accumulator. 
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AV0L — Accumvilator volume (cu. ft.) 

ADIAM “ Accumulator maximum diameter (ft. ) 

ANDELP “ Pressure drop swing allowed in accumulator (psi) 

ANBAR — Number of insulation layers per inch of thickness 

(multilayer insulation only) 

Note that if INBLK (SYSNUM, 1, J) is zero, then there will be no accumulator data 
cards in the input data deck. 

1. 2. 1. 9 Heat Exchanger Data Input Cards . A requirement for heat exchangers of one form 
or another usually exists in most of the cryogen systems one can envision, except for the 
liquid fed OMS system . And , (as described in subsection 1 . 2 . 1 . 8) if INBLK (SYSNUM , 2 , J) = 1 , 
then heat exchangers are required and input data cards must be present, otherwise they are 
deleted . 

Heat exchangers in a two fluid system usually occur in pairs, except for the case where a 
single supplementary heat exchanger might be required to make up for a potential energy 
deficiency resulting from a limited heat source capability. For purposes of uniformity, 
heat exchanger data will always be input for pairs of exchangers even if one of the pair 
does not exist. In this case, the non-existent exchanger is represented by a dummy (or 
blank) data card. 

The heat exchanger variables required for input employ only two card formats. The 
second card is repeated for each exchanger in sets of two. The first card contains data 
for the first oxidizer heat exchanger occuring upstream of the system consumer , and the 
second card contains data for its fuel side equivalent. Additional data sets are input for 
other heat exchangers encountered as the schematic layout progresses toward the fluid 
supply tanks . The variables which are input on the Heat Exchanger Data Input Cards are 
doubly subscripted and are stored in a double array. 

For example, "HXCODE (4,1) = HX07" is the heat exchanger schematic code symbol for 

the oxidizer (4, 1) heat exchanger of the fourth (4, 1) set of heat exchangers occurring up- 

t t 
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stream of the cryogen consumer . 

The variables employed as input are as follows: 
Gp(k) Card-1 


NUMHEX ~ Integer value for number of pairs of heat exchangers being considered 


One card is required if heat exchanger data is to be input. 


Gp(k) Card-2 


HEX HIT — Hot fluid inlet temperature ( R) 


HEXH0T ~ Hot fluid outlet temperature (*^R) 


HEXGIT “ Cold fluid inlet temperature ( R) 


HEXC0T ~ Cold fluid outlet temperatime ( R) 


HEXHIP “ Hot fluid inlet pressure (psia) 


HEXH0P ~ Hot fluid outlet pressure (psia) 


HEXCIP ~ Cold fluid inlet pressure (psia) 


HEXC0P ~ Cold fluid outlet pressure (psia) 


HXHDLP ~ Hot fluid pressure drop (psi) 


HXCDLP ~ Cold fluid pressure drop (psi) 


HXMRAT ~ Heat exchanger gas generator 0/F mixture ratio 


HXC0DE ~ Heat exchanger identification code symbol 
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Two cards are required for each pair of exchangers; oxidizer unit first followed by fuel 
side unit, when data is to be input. 

1. 2. 1. 10 Pump and Turbine Data Input Cards . The requirement for pump, or turbine 
data for any of the systems considered is preprogrammed in the stored INBLK data. If 
INBLK (SYSNUM, 3, J) = 1, then either pump or pump and turbine data are required to 
be input, otherwise the data cards are deleted. The pump data input cards contain three 
separate sets of information; (a) Pump data (high pressure); (b) Transfer pump data; and 
(c) Turbine data. 

The six cards which make up the pump and turbine data card set consist of two pump data 
cards (one for each fluid) , two transfer pump data cards (one for each fluid) , and two 
turbine data cards (one for each fluid) . All six cards must be present if any of the data 
are required. Non-pertinent variables are simply left blank. 

The variables required as input are as follows; 


Gp (1) Cards 1-2 


PTYPE 


PEFF 

PNPSH 

PSSPED 

EPDELP 


Interger value for pump type 
PTYPE = 1 , for pump only 
PTYPE = 2 , for tvirbopump assy 

Pump efficiency 

Pump net positive suction head (psi) 
Pump speed (rpm) 

Estimated pump pressure rise ^si) 


Gp (1) Cards 3-4 


TPEFF — Transfer pump efficiency 

TPNPSH ~ Transfer pump net positive suction head (psi) 


55 


LOCKHEED MISSILES 8t SPACE COMPANY 



LMSC-A991396 


TPDELP “ Transfer pump pressure rise (psi) 
TPWD0T ~ Transfer pump flow rate (lb /sec) 
Gp (1) Cards 5-6 


TEFF ~ Turbine efficiency 

TITEMP ~ Turbine inlet temperature (°R) 

T0TEMP — Turbine outlet temperature (°R) 

TMRAT0 ~ Turbine gas generator 0/F mixture ratio 


TGGPC “ Exhaust pressure of turbine gas generator (psia) 

Note: For high and medium pressure pumps subroutine PARPMP will calculate 
pump speed and net positive suction pressure required. Thus input values 
need only be nominal. 


1.2. 1. 11 Heat Source Data Input Cards. The requirement for heat sources, usually in 
the form of gas generators, for any given cryogen system is usually associated with a 
requirement for heat exchangers and turbines where waste heat is not available , or , 
insufficient for the energy needed. For the defined cryogen systems, accommodated by 
the Math Model Program, the heat source requirements are imbedded in the stored 
INBLK data. Thus, if the value of INBLK (SYSNUM, 4, J) = 1, the heat source data are 
required, otherwise the data cards are deleted from the input deck. 

Heat sources in a two fluid system usually occur in pairs, except for the case where a 
single supplementary heat source might be required to make up for an energy deficiency. 

For purposes of uniformity in data handling , heat source data is always arranged such 
that data for a heat source in the oxidizer side of the system is input first, followed by 
the same data for the equivalent heat source in the fuel side of the system (i.e. , paired 
sources). If one of the sources does not exist, then a dummy (or blank) card is entered 
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in its place . The first pair of input data cards will contain data for the first pair of 
heat sources closest to the cryogen consumer. Additional data sets are then input for 
each pair of heat sources encountered while going through the system schematic toward 
the fluid supply tanks. As with the heat exchanger data, the variables are doubly sub- 
scripted and match the heat sources to the heat exchanger by position and fluid index. 

The variables employed in heat source data input are as follows: 

Gp (m) Card-1 


NUMHS0 Integer value for number of pairs of heat sources being considered 

One card is required if heat source data is to be input. 


GP (m) Card -2 

HSTYPE ~ Integer value for heat source type 

HSTYPE = 1, for gas generator only 

HSTYPE = 2 , for waste heat input only 

HSTYPE = 3 , for gas generator and waste heat combination 

HSMRAT ~ Heat source 0/F mixture ratio 


HS0TEM — Heat source outlet temperature (°R) 
HSAEE “ Heat source available energy (BTUs) 


HSPRES 


~ Heat source outlet pressure (psia) 


Two cards are required for each pair of heat source units; oxidizer side unit first followed 
by fuel side unit — when data is to be input. 

1.2. 1. 12 E lectric Motor Data Input Cards. The requirement for motor driven pumps, 
transfer pumps , or compressors exists in some of the smaller cryogen systems where 
pumping horsepower needed is small, or the duty cycle is light. For the cryogen systems 
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considered in this program, the requirement for using electric motor data has been 
embedded in the preprogrammed -stored INBLK data. If, for any specified system, 
the value of INBLK (SYSNUM, 5, J) = 1, the electric motor data are required; if 
otherwise , the data cards do not appear in the input data deck. 

The variable employed for input at the electric motor data are as follows; 

Gp (n) Card-1 

MTYPE ~ Integer value for motor type 

MEFF ~ Motor efficiency 

MSS ~ Motor speed (rpm) 

PDNSTY “ Power density of battery driving electric motors 

One card is used if motor data is required. If not required the card is deleted from the 
input deck. 
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1.2.2 Input Data Card and Card Format Description 

The input data cards which make up the program input data deck are defined by the 
Read Statements located in Subroutines C0NTR0L, INTAB, and C0MPIL. This 
subsection presents a graphic description of each input card as an aid in visualizing 
and arranging the individual system input data decks needed for the analytical operation 
of the program. Included as aids, are several tables which explain and define the 
construction and insulation material types employed by the various subprograms. 
Included also as aids in program data setup are several tables which define and explain 
important variables that occur repeatedly. Table 1.2. 2-1 presents the variable 
names employed for control, branching and switching purposes. Table 1.2. 2-2 
presents the configuration variable names and definition. Following the tables are 
the data sheets which present the input data card formats. 

Table 1.2. 2-1 

VARIABLE NAMES EMPLOYED FOR CONTROL, BRANCHING, 

AND SWITCHING PURPOSES 


1. System Identification ; (Subroutine C0NTRL) 


Variable 

Alpha 

Variable 

Integer 


Read 

Input 

Equivalent 

Value 

System Defined 

NSYS 

ACP 

NAMSYS 

1 

Attitude Control Propulsion 
System (AC PS) 

NSYS 

APU 

NAMSYS 

2 

Auxiliary Power Unit (APU) 

NSYS 

EC/ 

NAMSYS 

3 

Life Support System (EC/LSS) 

NSYS 

FUE 

NAMSYS 

4 

Fuel Cell System (Fuel Cell) 

NSYS 

0MS 

NAMSYS 

5 

Orbit Maneuvering System (0MS) 

Control Variables: 


(Subroutine 

C0NTRL) 

Control 


Integer 



Variable 


Value 


Description 

SYSNUM 

= 

1 

Controls Selection of Subprograms for AC PS 


= 

2 

Controls Selection of Subprograms for APU 
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Table 1.2. 2-1 (Cont'd) 
2. Control Variables (Subroutine C0NTRL) (Cont'd) 


Control 


Integer 


Variable 


Value 

Description 

SYSNUM 

= 

3 

Controls Selection of Subprograms for ECLSS 

(Cont’d) 

— 

4 

Controls Selection of Subprograms for Fuel 
Cell 


= 

5 

Controls Selection of Subprograms for OMS 

SCRIT 

= 

1 

Specifies Subcritical Fluid Supply 


— 

2 

Specifies Supercritical Fluid Supply 

Branching and Switching Variables: 



MDTRC — Diagnostic Trace Switch, Read in by Subroutine C0NTRL, Used by CRYC0N. 
Defined in PDP-CCNTRL. 


MDTRC ( ) 


Diagnostic Trace Switch for CRYC0N (OFF = 0) 

(1) 

= 

1 

Turn on ACCRES 

(2) 

= 

1 

Turn on ACQWT 

(3) 

= 

1 

Turn on APUSUB or APUSUP 

(4) 

= 

1 

Turn on CMPCAL 

(5) 


1 

Turn on FUELCL 

(6) 

= 

1 

Turn on C0NSUM 

(7) 

= 

1 

Turn on ECLSS 

(8) 

= 

1 

Turn on LIQRES 

(9) 

= 

1 

Turn on TANK 

(10) 

z= 

1 

Turn on TSIZEI 

(11) 

= 

1 

Turn on WTACC 

MDTRC(l) is Card Column 70, — MDTRC(ll) is Card Column 80 of the System 
Specification Card 


INBLK — Controls input data selection in subroutine C0MPIL via preprogrammed 
set of switches. 


INBLK (SYSNUM, I, SGRIT) 


System Specification 

Input Selection Index 

Fluid Subsystem Type 
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Table 1.2. 2-1 (Cont'd) 


DATA STATEMENT DEFINITION : 

DATA ((INBLK(1,I,J),I = 1,5),J 
DATA ((INBLK(2,I,J),I = 1,5),J 
DATA ((INBLK(3,I,J),I = 1,5),J 
DATA ((INBLK(4,I,J),I = 1,5),J 
DATA ((INBLK(5,I,J),I = 1,5),J 

For: 

1 = 1, Read Accumulator Data — If INBLK = 1 
= 2 , Read Heat Exchanger Data — If INBLK = 1 
= 3, Read Pump Data — If INBLK = 1 
= 4, Read Heat Source Data — If INBLK = 1 
= 5, Read Motor Data - If INBLK = 1 

KSUBC — Preprogrammed Branching Variable for specified system analysis program 
selection — Used in subroutine CRYC0N. Defined in ST0DTA. 

System Specification 

Subprogram Index 

KSUBC (SYSNUM, I) 

DATA STATEMENT DEFINITION : 

DATA (KSUBC(1,I), 1 = 1, NBRSR) /6 ,4, 10,9, 8, 1, 10, 11,2/ 

DATA (KSUBC (2, 1), I = 1, NBRSR) /6, 3, 4, 10, 11, 2, 0,0,0/ 

DATA (KSUBC(3,I), I = 1, NBRSR) /7, 0,0, 0,0, 0,0, 0,0/ 

DATA (KSUBC(4,I), 1 = 1, NBRSR) /5, 4, 0,0, 0,0, 0,0,0/ 

DATA (KSUBC(5,I), 1=1, NBRSR) /6, 4, 10, 9, 8, 1,10, 11, 2/ 

JAPUS — Switching variable which reverses order of subprogram selection for APU 
subcritical or supercritical analysis. Used in svibroutine CRYC0N, values 
defined in subroutine ST0DTA. 

Fluid Subsystem Type 

Subprogram Reordering Index 

JAPUS (SCRIT, I) 

DATA STATEMENT DEFINITION ; 

DATA JAPUS(1 , 1) , JAPUS (1 , 2) /4 , 3/ 

DATA JAPUS(2,1), JAPUS (2,2) /3,4/ 
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Table 1.2. 2-2 

CONFIGURATION VARIABLE NAMES AND DEFINITIONS 
(Used by Subroutine C0MPIL, CMPCAL and LSSCMP) 


1. Defined Configuration Names; 


Defined 

Input 

Variable 

Integer 

Component 

Variable 

Alpha 

Equivalent 

Value 

Item 

CFUNCT 

GAS 

FNAME 

1 

FLUID 

CFUNCT 

ENGINE 

FNAME 

2 

ENGINE 

CFUNCT 

LINE 

FNAME 

3 

LINE 

CFUNCT 

C0NTRL 

FNAME 

4 

C0NTR0L 

CFUNCT 

FITTING 

FNAME 

5 

FITTING 

CFUNCT 

TAP 

FNAME 

6 

FLUID TAP 

CFUNCT 

TEE 

FNAME 

7 

TEE 

CFUNCT 

ELBOW 

FNAME 

8 

ELBOW 

CFUNCT 

VALVE 

FNAME 

9 

VALVE 

CFUNCT 

REG 

FNAME 

10 

REGULATOR 

CFUNCT 

ACCUM 

FNAME 

11 

ACCUMULATOR 

CFUNCT 

TANK 

FNAME 

12 

TANK 

CFUNCT 

PUMP 

FNAME 

13 

PUMP 

CFUNCT 

HEX 

FNAME 

14 

HEAT EXCHANGER 

CFUNCT 

TRBINE 

FNAME 

15 

TURBINE 

CFUNCT 

F-CELL 

FNAME 

16 

FUEL CELL 

CFUNCT 

EC/LSS 

FNAME 

17 

LIFE SUPPORT 

CFUNCT 

END 

FNAME 

■ 18 

END OF TABLE 


2. Configuration Variable Definitions; 


CONFIGURATION FUNCTION CODE AND TYPE. 


CFUNCT = 1, GAS GFTYPE-1 = OXYGEN 2 = HYDROGEN 

CFUNCT = 2, ENGINE CFTYPE-1 = HI-PRESSURE 2 = LO -PRESSURE 

CFUNCT = 3, LINE CFTYPE = lOA FIXED NUMBER 
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CFUNCT = 


CFUNCT = 


CFUNCT = 


CFUNCT = 


Table 1.2. 2-2 (Cont'd) 


4, CONTROL 


USES TWO DIGIT INDEX AS FOLLOWS, 

IDV = TENS DIGIT (10, 20, etc.) 

CFTYPE = UNITS DIGIT (1, 2, etc.) 

IDV = 10 FOR LIGHT WEIGHT CONTROL 

= 20 FOR MEDIUM WEIGHT CONTROL 
= 30 FOR HEAVY WEIGHT CONTROL 
= 40 FOR EXTRA HEAVY WEIGHT CONTROL 
CFTYPE = 1 FOR VALVE 

= 2 FOR REGULATOR 
= 3 FOR ORIFICE 
= 4 FOR FLOW METER 


5, FITTING USES TWO DIGIT INDEX AS FOLLOWS, 

LDV = TENS DIGIT (10, 20, etc.) 
CFTYPE = UNIT DIGIT (1, 2, etc.) 
LDV = 10 FOR USE IN LINE ONLY 
= 20 FOR 4 -WAY TEE 
= 30 FOR 3 -WAY TEE 
CFTYPE = 1 FOR TEE 


6, TAP USES TWO DIGIT INDEX AS FOLLOWS, 

LDV = TENS DIGIT (10, 20, etc.) 
CFTYPE = UNITS DIGIT (1, 2, etc.) 
LDV = 10 FOR USE IN LINE ONLY 
= 20 FOR 4 -WAY TEE 
= 30 FOR 3 -WAY TEE 
CFTYPE = 1 FOR TEE 

7, TEE USES TWO DIGIT INDEX AS FOLLOWS, 

LDV = TENS DIGIT (10, 20, etc.) 
CFTYPE = UNITS DIGIT (1, 2, etc.) 
LDV = 10 FOR USE IN LINE ONLY 
= 20 FOR 4-WAY TEE 
= 30 FOR 3-WAY TEE 
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CFUNCT 


CFUNCT 


CFUNCT 


CFUNCT 

CFUNCT 


Table 1 . 2 . 2 -2 (Conf d) 


8, ELBOW USES TWO DIGIT INDEX AS FOLLOWS, 

LDV = TENS DIGIT (10, 20, etc.) 
CFTYPE = UNITS DIGIT (1, 2, etc.) 
LDV = 10 FOR USE IN LINE ONLY 
= 20 FOR 90 DEG ELBOW 
= 30 FOR 45 DEG ELBOW 
CFTYPE = 1 FOR ELBOW 


9, VALVE USES TWO DIGIT INDEX AS FOLLOWS, 

IDV = TENS DIGIT (10, 20, etc.) 

CFTYPE = UNITS DIGIT (1, 2, etc.) 

IDV = 10 FOR LIGHT WEIGHT CONTROL 

= 20 FOR MEDIUM WEIGHT CONTROL 
= 30 FOR HEAVY WEIGHT CONTROL 
= 40 FOR EXTRA HEAVY WEIGHT CONTROL 
CFTYPE = 1 FOR VALVE 


10, REGULATOR USES TWO DIGIT INDEX AS FOLLOWS, 

IDV = TENS DIGIT (10, 20, etc.) 

CFTYPE = UNITS DIGIT (1, 2, etc.) 

IDV = 10 FOR LIGHT WEIGHT CONTROL 

= 20 FOR MEDIUM WEIGHT CONTROL 
= 30 FOR HEAVY WEIGHT CONTROL 
= 40 FOR EXTRA HEAVY WEIGHT CONTROL 
CFTYPE = 1 FOR REGULATOR 


11, ACCUM NO OPTIONS 

12, TANK (SEE TANK ROUTINE) 
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Table 1.2. 2 -2 (Cont’d) 


CFUNCT = 13, PUMP 


CFUNCT = 14, HEX 


USES TWO DIGIT INDEX AS FOLLOWS, 

JOPTN = TENS DIGIT (10, 20, etc.) 
CFTYPE = UNITS DIGIT (1, 2, etc.) 

JOPTN = 10 FOR MINIMUM POWER PUMP 
= 20 FOR MINIMUM WEIGHT PUMP 
CFTYPE = 1 FOR HI-PRESSURE PUMP 
CFTYPE = 2 FOR LO -PRESSURE PUMP 

CFTYPE = 1 FOR HI-PRESSURE 
= 2 FOR LO -PRESSURE 


CFUNCT = 15, TURBINE 


NO OPTIONS 


CFUNCT = 16, FUEL CELL 
CFUNCT = 17, ECLSS 
CFUNCT = 18, END 


NO OPTIONS 
NO OPTIONS 
NO OPTIONS 


CMTYPE - CONFIGURATION MATERIAL TYPE 

CMTYPE = 1, 321/347 STAINLESS STEEL / 

= 2, 2219-T87 ALUMINUM ALLOY 
= 3, 6061-T6 ALUMINUM ALLOY 
= 4, INCONEL-718 ALLOY 
= 5, TITANIUM Ti-6A1-4V ALLOY 
= 6 , CRES VACUUM JACKETED LINE 
= 7, 2219 VACUUM JACKETED LINE 

CITYPE - CONFIGURATION INSULATION TYPE 

CITYPE = 1, DOUBLE ALUMINUM MYLAR/SILK NET 
= 2, DOUBLE GOLD MYLAR/SILK NET 
= 3, DOUBLE ALUMINUM MYLAR/TISSUE GLASS 
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CITYPE = 


CNOPER 
CNSTBY 
CONFIG 
COLUMN 1 

COLUMN 2 
COLUMN 3 

COLUMN 4 
COLUMN 5 


Table 1.2. 2-2 (Cont'd) 

4, CRINK DOUBLE ALUMINUM MYLAR 

5, NRC-2 CRINKLED ALUMINIZED MYLAR 

6, SUPERFLOC 

7 , MICROSPHERES (104-135 MICRON) 

8, POLYURETHANE FOAM 

9, FIBERGLASS BATTING (JM) 

NUMBER OF OPERATIONAL UNITS (CFUNCT) 

NUMBER OF STANDBY UNITS (CFUNCT) 

CONFIGURATION TABLE 

CONTAINS THE ABOVE SK (6) VARIABLES PACKED ONE PER 
BYTE IN THE ORDER THEY ARE LISTED FROM LEFT TO 
RIGHT IN THE WORD. 

CONTAINS THE FLOW FRICTION COEFFICIENT 

CONTAINS THE LENGTH OF A LINE OR THE EFFECTIVE 
L/D FOR OTHER COMPONENTS 

CONTAINS THE DIAMETER OF A LINE 

CONTAINS THE INSULATION THICKNESS FOR A LINE 
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Date 

Checked by: 
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USER ID CARD 
CASE TITLE CARD 



CARD TYPE - G (a) CARD-1 
P 


CARD FUNCTION - User Identification Card 

READ BY - Subroutine C0NTRL 

CARD FORMAT (2AC, 2XA4, 3XA3, IXA 5 ) 


0 0 Q 0 0 0 0 0 0 0 0 0 

1 t ] 4 1 I I I I 11 If iilii iilii li II II 



0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 D 0 D 0 D 0 0 0 D 

II II II II lllll II II M II II II II II <1 4 1 41 41 44 41 41 41 41 4! II II II |) |l II II |l II II II II II II 14 II II II II I! II II II II 14 II II 


CARD TYPE - G (b) CARD-1 
P 

CARD FUNCTION - Case Title Card 
KEIAD by - Subroutine C0NTRL 
CARD FORMAT - (l2AC) 


CTITLE 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOIIOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

I I 4 I I I I 9 II II II II II II II II II II II II II II 14 II II II II II 11 II II II II II II II n 19 II 41 41 41 u II II II II II II II II II 14 II II II U 19 19 II II 11 14 II II II II II II II lllll 14 II II II II II 
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FORM LMSC 362 B-3 


LMSC-A991396 


Prepared by: 

Date 

LOCKHEED MISSILES & SPACE COMPANY. INC. 


Checked by: 

Date 

Title 

TABLE DATA CARDS 
(FOR STORED TABLE FILE) 

Model 

Approved by: 

Date 



CAED TYPE 
CARD FUNCTION 
READ BY 
CARD FORMAT 


- G (c) CARD -1 

P 

- table data echo control card 

- subroutine intab 

- (515) 



CARD TYPE 
CARD FUNCTION 
READ BY 
CARD FORMAT 
REF. 


@ADD,P FILNAM 


- G (d) CARD -1 

P 

- TABLE DATA FILE - ADD CARD 

- SUBROUTIIIE INTAB 

- QADD,P FILNAM 

- untvac-1108 manual 


I ] ] I ) { ? I 8 10 II 1? n 11 li u 11 IS /8 ?i n n ?« » » n » h m » » h u » » » m n 4t 4i « o m a *j 4i «9 S8 51 » si si » a » u a to ti » » m » k » u t! >a 11 ]? n is u n n i> 
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FORM LMSC 362 B-3 


Prepared by: 

Dote 

Checked by: 

Date 

Approved by: 

Data 


CARD TYPE 
CARD FUNCTION 

READ BY 
CARD FORMAT 


LMSC-A991396 


LOCKHEED MISSILES & SPACE COMPANY. INC. 


Title 

ALTERNATE TABLE DATA INPUT 
-TABLE DATA DECKS - 


- Gp(c) CARD-1 

- TABLE DATA DECK ECHO CONTROL CARD 


SUBROUTINE INTAB 

(515) 



OOOOOOOOOOpOOOOOOOOaOOIlOOOaOOQOOOGOOOOODQOOOOOOOODllOOOOOOOODOOOOOOOOOO 0 0-4441 

I I 1 t 1 I I I II ti II II u » It nil II II II II II II li n II II II II II II II II II II II u » II II II II II IS II II II II SI si si si si ss » si si si 11 11 11 11 ti is 11 11 ii ii 11 11 11 11 11 isiTT 


CARD TYPE 
CARD FUNCTION 
READ BY 
CARD FORMAT 


- Gp(d) CARD-1 

- TABLE I.D. AND CONTROL CARD 

- SUBROUTINE INTAB 

- (4AL, 4IC) 



I I I I S I I I I II 11 II II II IS II II II II II II II II IllIS II II II II II II II II II IS II 


Q 


0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0441 

I SI SI SI SI SI ss SI SI SI SI U II II 11 il IS II II U II II II II 11 II IS II IM 


CARD TYPE 
CARD FUNCTION 
CARD FORMAT 


- p(d) CARD-2 

- TABLE COMMENT CARD 

- ( 13 AL, A 2 ) 


COMMENT 


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 I I I S I I I I II II II II II IS II II II II II II II II II IS II II II II II II II 11 II IS U II II II U II II II U IS II II II ss SI SI SI SI SI ss SI SI SI SI U II II 11 IS IS II II II II II II II II II IS II II II II II 


CARD TYPE 
CARD FUNCTION 
CARD FORMAT 


- Gp(d) CARD-3 

- TABLE SUBSET VARIABLE CARD 

- ( 3 AL, IT, 5 EIO.O) 


/ 

LABV 

NP 

TAB 



1 2 3 1 S ( 1 

3 10 It 12 13 14 IS II n II 

11 21 21 22 23 24 2S 

20 21 2t 21 30 ]l 32 33 34 31 


000000000 



TAB TAB 







































FORM LMSC 362 B-3 
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Prepored by; 

Dote 

Checked by: 

Date 

Approved by: 

Date 


LOCKHEED MISSILES & SPACE COMPANY. INC. 


Title 

ALTERNATE TABLE DATA INPUT 
- TABLE DATA DECKS - 



CARD TYPE 
CARD FUNCTION 
READ BY 
CARD FORMAT 


- Gp(d) CARD-i^ 

- TABLE PLOT CONTROL CARD 

- SUBROUTINE INTAB 

- (3AL, 3AL, 2E12.0) 


/ 



LABX 

LABY 

XMIN 

aaaaaaaaaaaaaaaaoa 

1 2 3 * 3 ( I 1 S 10 n 12 11 M 13 It N II 

a a a a a a a a 0 a a a a a a a a a 

11 li 21 2? 21 24 23 7t 2> 21 21 111 11 12 1) M 13 1(| 

Q D Q Q 0 D 0 0 0 0 0 0 

11 U 19 40 41 42 4] 44 43 4t 4) it 



0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 I 


CARD TYPE 
CARD FUNCTION 

CARD FORMAT 


- G (d) CARD-5 

- I^LE SUBSET DATA CARD 

- (3IC) 



NV |TYPE NIP 

0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 D D D 0 0 D D 0 0 0 0 rrr«~a44. 

I ! ! I s f 1 1 I I II II nil] II ij II II nil] ii ]i It <1 11 IS II II II II ]i II II II II IS II II II » <1 II II II II IS II II II II SI SI SI SI SI ss SI SI SI SI II II II i] II IS II II II II II II II II iiir 


CARD TYPE 
CARD FUNCTION 
CARD FORMAT 


- G (d) CARD-6 

p 

- TABLE DATA CARD (POLY NOMIAL COEFFICIENTS) 

- (CE12.0) 


/ 

XTAB 

XTAB 

XTAB 

XTAB 

XTAB 

XTAB 

a a 0 a 0 a a a a a a 0 



a a a 0 a a a a a a a a 

a a a a a a a a a a a a 

a a a a a a a a a a a a 

1 2 1 4 3 fi r 1 I 10 fl t2 

|ll 14 (3 IS If (1 19 20 21 IJ 21 74 j 

p5 2S If 71 7! 10 II 17 11 14 13 16 j 

11 11 19 40 4t 47 4] 44 43 4S 47 40 | 

! 30 31 37 31 34 33 3( 37 31 39 SB; 

Si t? 61 64 63 66 61 61 6! 70 71 77 



CARD TYPE 
CARD FUNCTION 
CARD FORMAT 


- Gp(d) card-6 

- TABLE DATA CARD (DISCRETE DATA) 

- (6E12.0) 


/ 



XTAB 

XTAB 

XTAB 


0 a 0 0 0 0 0 0 0 0 0 0 

3) 4t 41 42 43 44 43 4{ 4) 4| 
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Checked by: 

Dote 

SYSTEM DEFINITION 
INPUT CARD 

Model 

Approved by: 

Date 


Report No. 




1.2. 2. 4 


CARD TYPE - Gp(e) CARD-1 

CARD FUNCTION - SYSTEM DEFINITION CARD 

READ BY - SUBROUTINE C0NTRL 

CARD FORMAT - (A3, A6, 3X, A3, lUx, A3, 37X, llll) 



- THIS IS A BLANK SPACE - 
GO TO NEXT PAGE 
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Prepared by; 

Dote 
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Checked by: 

Date 

Title 

CONFIGURATION DEFINITION 
DATA CARDS 

Model 

Approved by: 

Dote 



CARD TYPE 
CARD FUNCTION 
READ BY 
CARD FORMAT 


G (f) CARD-1 
P 

CONFIGURATION DATA CARD 

SUBROUTINE C0MPIL 

(A6, Ik, 315 , 3P5.0, 15 , 
2F5.0, 5X, A6) 


/ 


Eh 

O 


O 


0 0 0 0 0 0 10 
1 1 1 t i I 


o 


I 

Ph 

o 


0 Q 0 a 0 0 0 0 

I I < II II I! 11 II II 


g 

o 


Ph 


o 


0 0 0 0 on 0 0 0 o|Q 

II II II 11 nil 1 ! II II 


-SL 

o 


0 0 0 0|D 

II II II n II 




0 0 0 0 
bi 11 11 II 11 


fl 

Mood 

II )) U » «» 


H 

O 


I) 0 0 0 0|0 0 0 0 0 

II II II II II 


w 

o 

H 

g 

M 



CARD TYPE 
CARD FUNCTION 
READ BY 
FORMAT 


- Gp(f) CARD-2 

- CONFIGURATION DATA END CARD 

- SUBROUTINE C0MPIL 

- (a6, Jk, 315 , 3F5.0, 15 , 

2F5.0, A6) 




1 





0 0 0 o\ 

it ii u St 


0 0 0 0 0 0 0 0 0 0 0 ni 0 

II ti IS II n n n h is it ii it is\ 


END 


0 0 0 0 0 0 0 0 0 0 


0 0 0 0 0 | 
II II II II 11 


0 0 0 0 0 


II II II II II Cl II II II II 


0 0 0 0 0 0 0 0 0 Oi 


II II II II 11 BI II It n II 


Nto USED 


0 0 0 0 oM 0 0 ob 0 0 0 0 
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Prepared by: 4 
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Checked by: 
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Approved by: 

Date 
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Title 

DUTY CYCLE DEFINITION 
DATA. CARD 


CARD TYPE 
CARD FUNCTION 
READ BY 
CARD FORMAT 


- G (g) CARD-1 

P 

- DUTY CYCLE DATA CARD 

- SUBROUTINE C0MPIL 

- F0RMAT ( 3 F 10 . 0 , I 5 , 3 FIO.O, FT.O) 


/ 

DCYCLE 

(I) 

DCYCLE 

(l+l) 

PSI 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

1 7 3 4 3 I 7 1 9 10 

II 17 13 14 13 II 17 II 19 <0 

!l 77 73 74 73 71 71 71 79 10 


HP 

PAMP 

DQQO&OOQOO 

11 17 11 » 40 41 47 41 44 43 

OOOOOOODOQ 

41 41 41 49 30 31 37 31 34 33 


0 1 > 0 0 0 0 
11 II II I! ID II II 


CARD TYPE 
CARD FUNCTION 
READ BY 
CARD FORMAT 


- G (g) CARD-1 

p 

- DUTY CYCLE DATA END CARD 

- SUBROUTINE C0MPIL 

- (3F10.0, 15 , 3F10.0, FT.O) 


I I 3 « S i I I S ID n 1; 13 14 13 li V II » 30I7I 77 73 74 73 71 V 71 71 30 b> 37 33 34 13 


41 4} 41 49 30 31 37 31 34 33 U 37 3t 39 tO |1 17 II 14 13 


1 74 73 71 77 71 79 
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Prepared by: 

Date 
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Checked by: 

Date 

Title 

ENGINE CONSUMER DATA CARDS 

Model 

Approved by: 

Date 

Report No. 

1.2.2, 7 


CAKD TYPE 
CARD FUNCTION 
READ BY 
CARD FORMAT 


- G (h-l) CARD-1 

P 

- ENGINE CONSUMER INPUT DATA CARD 

- SUBROUTINE C0MPIL 

- ( 15 , 6 FIO.O) 




< THIS CARD NOT ^ 

USED 



\ ? 3 4 5 I I I 9 10 1M213 14 15 III) II U 20 21 22 23 24 25 28 11 21 29 30 31 37 33 34 35 38 31 M 39 40 41 47 43 44 45 41 41 41 49 50 51 52 53 54 55 50 5? 50 59 80 51 82 83 84 85 88 81 81 89 20 11 12 13 14 15 25 11 10 29 10 
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Dote 
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Dote 

Approved by: 

Dote 


CARD TYPE 
CARD FUNCTION 

READ BY 
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Title 

APU CONSUMER DATA CARDS 

I Report No. 

1 . 2 . 2. 8 


- Gp(h-2) CARD-1 

- APU CONSUMER INPUT DATA CARD - APU BASIC 

dAta 

- SUBROUTINE 60MPIL' 


iHii 


0 0 0 D 0 D 0 0 0 0 

1 SM] U SS ti SMI IS II 


0 0 0 0 0 0 0 0 Q 0 

II II II l< II II II II IS nil II II I< II II II II IS lolll II II M II 11 II II II 41 


CARD TYPE - Gp(h-2) CARD-2 

CARD FUNCTION - ATO CONSUMER INPUT DATA CARD-APU SUBCRITICAL 

DATA 

FORMAT - (TFIO.O) 


MRGGCH 




B 


MRGGC0 

TDGGH 

lt■(■{■l■l■l■l■l■l■llll■l■l■l■l■l■l■l■l■l! 

|ll 17 13 14 IS II 11 II 13 Id 

21 21 23 24 2S 21 2) 21 71 lo| 


0 0 0 0 0 0 0 0 D 

II II II II IS II II II II lllll II II H IS II II II II lllll I! II II II II II II II 


CARD TYPE 

CARD FUNCTION 
CARD FORMAT 


0000000000 
II II 11 11 II II II II II II 


- Gp(h-2) CARD-3 

- APU CONSUMER INPUT DATA CARD - APU SUPERCRITI-: 

- (TFIO.O) CAL DATA 


DELPCP 


FMRG 

PFH 

PF0 

TFH 

TF0 

TG 



>000000000 

1000000000 

1000000000 

1000000000 

3 4 S 6 1 1 S ID 

1 12 13 14 IS II 11 II IS 20 

1 22 23 74 2S 21 21 21 2! 30 

II 32 33 34 3S 31 3> 31 » <0 

t 42 41 44 4S 41 41 41 4S SO 

M2 S3 S4 SS SI SI SI SS » 


1 2 1 ( S i 1 I S lOIll 12 n N 1$ IS \1 II II 2im 22 23 2« 2i 2S 21 21 2S 30 31 32 33 34 IS 3S 31 31 » <• 


M2 S3 34 SS St SI SI SS iglll 12 13 14 IS It II II IS 11 1) 12 13 II IS )| 11 II IS 








































FORM LMSC 362 B-3 


Prepared by: 

Date 

Checked by: 

Date 

Approved by: 

Date 


CARD TYPE 
CARD FUNCTION 
READ BY 
FORMAT 


LMSC-A991396 


LOCKHEED MISSILES a SPACE COMPANY. INC. 


LIFE SUPPORT CONSUMER DATA CARDS 


LIFE SUPPORT INPUT DATA CARDS 
SUBROUTINE C0MPIL 

5F10.0/(TF10.0) 


0 0 0 0 0 0 0 0 0 p 0 0 0 0 0 0 0 0 0 P 0 0 0 0 0 0 0 D 0 p 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 oNi 

^ * II i! t] il IS U H II H II II I! I! II IS II II II I! I( 


I II I] II IS II II II II illl I? I] II IS II II II II nil II 11 II IS It II II II nil II II II IS II II II II SI 


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 

1 I 1 I S I I I I II II II II II IS II II II II III II II II II IS II II II II II II II 11 II IS U II II II illll II II II IS » II II II SB 


0 0 0 D 0 D 0 0 0 D|0 0 0 0 D 0 D 0 D 

II II II II IS II II U II I 


CARD TYPE 
CARD FUNCTION 
CARD FORMAT 


- Gp(h-3) CARD-2 

- LIFE SUPPORT INPUT DATA 

- (7F10.0/5F10.0) 


0 0 0 0 0 0 0 0 0 0 ] 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 Q ] 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 2 ] 4 S 6 J I ! 10 I 121] U ms n tl IS VO 'I 22 23 74 23 7S 21 20 20 ]Q II 32 33 ]4 ]) 3S 3> 31 3) 40 I 42 43 44 43 4S 4} 41 40 30 )l 32 33 34 33 3S 31 30 30 10 SI S2 S3 S4 S3 SS S) SI 50 20 


1 2 3 I 3 S 2 I 0 


,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

21 27 23 24 23 2S 22 21 20 30 31 32 33 34 33 3S 31 30 39 40 


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 > 0 ^ 

31 32 33 34 33 3S 32 31 3! SO SI S2 S3 S4 63 IS SI SI I! 20 II 22 23 34 13 26 22 2 

















FORM LMSC 362 B-3 


Prepared by: 

Date 

Checked by: 

Date 

Approved by: 

Dote 


MSC-A991396 


LOCKHEED MISSILES & SPACE COMPANY. INC. 


Title 


CARD TYPE 
CARD FUNCTION 
READ BY 
CARD FORMAT 


FUEL CELL CONSUMER DATA 
CARDS 


- Gp(h-l^) CARD-1 

- FUEL CELL INPUT DATA CARDS 

- SUBROUTINE C0MPIL 

- (10F7.0) 


Report No. 

1.2.2.10 


0 0 0 0 0 0 op 0 0 0 0 0 0 




rH 

(M 

s 




H 


s 

s 

rH 

g 

§ 

B 


CQ 



Eh 

0 0 0 0 0 0 0 

i 

0 0 0 0 0 0 0 

Eh 

) 0 0 0 0 0 0 

> 0 0 0 0 0 0 

?7 73 74 75 7( 7> 71 

7) 20 11 17 33 14 35 

;i 11 11 » 41 41 47 

3 44 45 4S 4} 4I 41 






0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 ! I I S i I I ) 10 IMi II I* I) li tnl I! 10 !l bi !I i< i> :o V It 




000000)0000000000000 
1 II IS 10 II II 19 >9 SI SI SI SI SS sill SI S) U 01 II 01 


CARD TYPE 
CARD FUNCTION 
CARD FORMAT 


- Gp(h-4) CARD-2 

- FUEL CELL INPUT DATA 

- (215, 6F10.0) 



0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 I I I s I I I I 10 II II II II IS II nil I! iipi II II II IS II II II II II II II II II IS II II II » a ii u ii ii is is ii ii ii soli si si so ss si si si » ii ii ii ii u is ii ii ii ii lo 



CARD TYPE 
CARD FUNCTION 

CARD FORMAT 


- G^h-4) CARD-3 

- FUEL CELL INHJT DATA 

- (7F10.0) 



0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OU) 0 0 0 0 0 0 0 0 0 

1 I 1 I S I I 1 I 10 II II II II IS II II II II Illll II II II IS II II II II ID II II II II IS II II II II llkl II II II IS II II II II ulsi SI SI SI ss SI SI SI SI lllll II II W IS II II II II lolll II II II IS II II II II 































FORM LMSC 36ZB-3 


LMSC-A991396 


Prepared by: 

Date 

LOCKHEED MISSILES & SPACE COMPANY. INC. 

BHB 

Checked by: 

Date 

Title 

TANK CHARACTERIZATION 
INPUT DATA 

Model 

Approved by: 

Date 

Report No. 

1.2.2.11 


CARD TYPE 
CARD FUNCTION 
READ BY 
CARD FORMAT 


Gp(l-l) CARD-1 

T^ CHARACTERIZATION INPUT DATA CARDS 
SUBROUTINE C0MPIL 

( 515 ) 








PM 


PM 

PM 

PM 



□ 

g 

-iSi- 

< 

H 



s 

CQ 

CQ 

CQ 

CQ 

00000 

0 0 0 0 0 


0 0 0 0 0 


1 } ] t ^ 

( I 1 S 10 

II 12 I] 14 li 

10 IMI 1) 20 

M 22 22 24 2^ 


/ 








& 


s 

a 

w 


w 



s 

Eh 


Qh 

S 

m 


EM 

Pm 

CJ 


pL( 


g 

pa 

H 

M 

PM 

TSL 


s 

H 


CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

pC4 

0000000000 

0000000000 

0 0 0 0 0 0 0 0 0 0 

0000000000 

0000000000 

0000000000 

0000000000 

0000000000 

1 2 3 4 S f 2 1 S 10 

II 12 11 U 11 li II to 11 21 

21 22 n 24 21-20 21 21 2f 10 

11 22 2) 21 21 11 21 21 2S 0 

41 42 41 44 41 40 41 4| 42 » 

11 12 12 14 11 IS 11 11 19 SB 

SI S2 S2 S4 SI SS S) SI S) 10 

11 12 11 14 11 11 11 11 19 II 


0 0 0 0 


ilii II II II II II II 11 u 11 1 ( 11 n 11 1 ) <1 <1 <1 u <1 II II I! I! 11 II II 11 M II IS II II II u II II 11 11 II II II SI II II II II 11 II II IE Tr 


CARD TYPE 
CARD FUNCTION 
CARD FORMAT 


- Gp(i-l) CARD-2 

- TAM DATA 

- ( 8 FIO.O) 


CARD TYPE 
CARD FUNCTION 
CARD FORMAT 


- Gp(i-l) CARD-3 

- T^ DATA 

- ( 8 FIO.O) 






CQ 

0 0 0 0 0 0 0 0 0 0 t> 

1 I 1 I I I I I I ID 


CQ 


I II II II II IS II II II ID 


-g. 

w 


pi II II II IS IS II II II II 


w 

@ 

CQ 


0 0 0 0 0 0 0 0 3 Oi 

II II 11 II II IE II II n iij 


a 

PQ 

e 

CQ 


■s. 

O 

CQ 


30000000000000000300 

III II II II II II II II IJ II >1 II II II II II II II I) ED 


c 5 

C5 

CQ 


0000000000 

SI II El El IS El El El El ID 


C 5 

CQ 


II II II II II II II II II II 


CARD TYPE 
CARD FUNCTION 
CARD FORMAT 


- Gp(i-l) card-4 

- TANK DATA 

- (FIO.O) 





CQ 


OOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

I I 1 I I I I I I ID II II II II II II II II II II II II II II II II II II I! II II II II II IS II II II n II II II II II IS II II II II II II SI II II SI II II SI SI II II II II M IS II II II II II II II II II 


NOTE: TWO SETS OF THE ABOVE CARDS ARE REQUIRED 


78 



















FORM LMSC 362B'3 


LMSC-A991396 


Prepored by; 

Date 

LOCKHEED MISSILES & SPACE COMPANY. INC. 


Cbecked by: 

Date 

Title 

TANK GEOMETRY INPUT DATA CARDS 

Madel 

Approved by: 

Date 

Report No. 
1.2.2.12 


CAED TYPE 
CARD FUNCTION 
READ BY 


Gp(i-2) CARD- 5 

TANK GEOMETRY OPTION CARD 

SUBROUTINE C0MPIL 





— 

— 

0000000000 
II 12 13 14 IS II II II 1) VO 

) Q 0 0 0 0 0 0 0 fl 

1 22 21 24 2S 21 21 21 71 111 

0 0 0 0 0 0 0 0 0 0 
31 32 33 34 3S 31 32 U » 40 


PM 


0 0 0 0 0 

I I I 1 i 


CQ 


NOT 

USED 


III I) II U IS II II IS IS SI 


to 0 0 0 0 0 0 0 0 op 0 0 0 0 D 0 0 0 op 0 0 0 0 0 0 0 0 OM 0 0 0 0 0 0 0 0 


tl SI SI M SS SI SI SI SI uki t? 13 M IS It i> II II ro pi >3 n u IS ii n ii m ii 


CARD TYPE 
CARD FUNCTION 
CARD FORMAT 


- Gp(i-3) - card-6 

- TANK SEGMENT SHAPE CARD 

- (215, 7F10.0) 


PM 


0 0 0 0 0 
I 2 3 4 S 




0 (I 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 (I 0 0 0 0 0 0 0 0 


)l 12 )3 14 IS II II II 11 A 


bl 22 23 24 2S 21 21 21 21 3d 


0 0 Q 0 Q 0 0 0 D Q 

31 32 33 34 3S 31 32 31 31 40 1 


Ul 42 43 44 4S 41 41 4| 41 SO 


NOT 

USED 


0000000000 
St S2 S3 Si SS SI SI SI SI lO] 




1 nliiiliiiiiiiiiiiil 

























FORM LMSC 362 B-3 


Prepared by: 

Date 

Checked by: 

Date 

Approved by; 

Date 


LMSC-A991396 


LCX:KHEE0 missiles & space company. INC. 


Title 


CARD TYPE 

CARD FUNCTION 
READ BY 
CARD FORMAT 


ACCUI^JLATOR CHARACTERIZATION 
INHJT DATA CARDS 


- Gp(o) CARD-1 

- ACCUMULATOR DATA INHJT CARDS 

- SUBROUTINE C0MPIL 

- (315) 


Report No. 

1.2.2.13 



I 0 0 0 Q 0 0 0 0 0 0 0 0 0 Q Q 0 D 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 D 0 0 0 0 0 D 0 0 0 nr«' 44 J 1 0 0 0 0 0 

< J 3 • ^ ( I 1 1 ig Liinni pi n ii is vi i\ v n m n n ;i is lo it » ii u ss » j> u » a ii o «i «4 a it a 4i 49 » si s? a m » » s? si ss ii 11 12 11 u is 11 sr 11 is ra n 12 n m isTT 


CARD TYPE 
CARD FUNCTION 
CARD FORMAT 


Gp(j) CARD-2 
ACCUMULATOR DATA 

(fio.o) 



0000000000 

I ! I < ! i I I ) llln II II U Ii Ii II II 1 ; it 


CARD TYPE 
CARD FUNCTION 

CARD FORMAT 


0 0 0 0 0 0 0 0 0 0|0 0 0 0 0 0 0 0 0 D |0 0 0 0 0 0 0 0 0 0 

!l I! )! II » » )l M M <1 



- Gp(j) CARD-3 

■ ACCUMULATOR DATA 

- (10.0) 


0 0 0 0 0 0 0 0 0 0 ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Ttl'S-OJLil 

1 2 1 I i I I I I ID I 1113 II Ii Ii III! II it 21 22 23 21 2i 2i 21 21 21 31 II 32 33 31 3i 31 31 31 » II II <2 I] U IS <1 II II II SI SI S2 S3 SI Si Si SI SI SI it il 12 13 il iS ii il ii il It II 12 23 II IS I 


NOTE: TWO SETS OF THE ABOVE CARIS ARE NEEDED IF ACCUMULATOR DATA IS 

REQUIRED. 


NOT A CARD 


0 0 0 0 0 OJJLO-4-ninrO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Tlrt-«-MJ)JM 0 0 0 0 0 

l2J-<-rTTl I II II 12 13 II IS Ii II II I! il 21 22 23 21 21 2i 21 21 II ID 31 32 33 31 IS li 31 31 31 Ii II II 13 II IS Ii II « IS SI II SI S3 SI SS Si SI SI SI il il 12 il U iS ii il il il 11 II llirn~lri*.|IJlJ! ID 























FORM LMSC 362 B-3 


LMSC-A991396 


Prepared by: 

Date 

LOCKHEED MISSILES & SPACE COMPANY. INC. 


Checked by: 

Dote 

Title 

HEAT EXCHANGER CHARACTERIZATION 
DATA INPUT CARDS 

Model 

Approved by: 

Date 

Report No. 

1.2.2.14 


Heat Exchanger Data Input (when required) will always be in pairs. Use 
dummy blank card if one heat exchanger does not exist. Oxidizer side 
unit will be entered first followed by fuel side unit. 


CAED TYPE 
CARD RJWCTION 
READ BY 
CARD FORMAT 


- Gp(k) CARD-1 

- HEAT EXCHANGER DATA INPUT CARDS 

- SUBROUTINE C0MPIL 

- (15) 



CARD TYPE 
CARD FUNCTION 
CAED FORMAT 


Gp(k) CARD-2 
HEAT EXCHANGER DATA 

(11F6.0, 6x,a6) 


(OXIDIZER side) 


/ 


EH 

§ 


000000000000 


I ■ I 10 II I! 


u 


II II IS It II II 


o 


000000000000 
I! 21 II 1 ! n II IS It II It I) III 


t 


0 0 0 0 0 0 

II II II II IS III 


Ai Ai 

M TS2, 

O O 


0 0 0 0 0 op 0 0 0 0 0 D 0 0 0 0 0 

II II n ii II iilii II IS II II II II SI SI SI SI sij 


a 


» » » » u 


00000000000 


tl R 13 14 M (I 



(FUEL SIDE) 


Eh 


0 0 0 0 0 0|0 
I I I I S I 


K 


0 0 0 0 op 

I I I II II II 


Eh 

H 

O 


0 0 0 0 Op 

I II IS II II II 


o 


0 0 0 0 0 
21 II n II II 


H 

X 

w 

X 


X 

w 

X 


1 0 0 0 0 0 0 
II » II II II II II II II II II II 


Ai 

M 

o 


P 0 0 0 0 0 

III miiiii « 

81 


Ai 

-Si, 

O 


& 


P 

o 


p 0 0 0 0 op 0 0 0 0 op 0 0 0 0 0 0 0 0 0 0 0 

hi II IS II II II n SI II SI SI II ks Si ii si si u ii ii ii h is hIii u ii ii ii iI 































FORM LMSC 3S2B-3 


LMSC-A991396 


LOCKHEED MISSILES & SPACE COMPANY. INC. 


Title Model 

PUMP AND TUEBINE CHAf^ACTERIZATION 

DATA INPUT CARDS R.p„„ no. 

1.2.2.15 


Pump and turbine input data (when required) will always be input in pairs. 
Six cards (3 pair sets) are always required. Non-pertinent variables will 
be lefM: as blanks . If no data are required, then all cards are omitted from 
input data deck. 


Prepared by: 

Date 

Checked by: 

Date 

Approved by: 

Date 


CARD TYPE 
CARD FUNCTION 
READ BY 
CARD FORMAT 


- G (l) CARD-1-2 

P 

- PUMP AND lURBINE INHJT DATA CARDS 

- SUBROUTINE C0MPIL 

- ( 15 , It-FlO.O) 


1. OXIDIZER SIDE 
2 • i*uEIj S IDE 



0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 D O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 D 0 0>ao 0 

1 ? 3 4 5 ( ? I ) 10 n 12 n 14 li n ll U <I1 21 22 J3 24 2S IS 21 21 21 30 31 32 33 J4 35 K 31 30 3J « 41 42 43 44 41 40 41 50 51 52 53 54 55 51 51 51 SJ ID 51 12 53 54 55 55 51 51 51 JO J1 12 13 14 15 15 17 Il>5s 


CARD TYPE - Gp(l) CARDS 3-k 

CARD FUNCTION - TRANSFER PUMP DATA 

CARD FORMAT - (hFlO.O) 


3. OXIDIZER SIDE 

4. FUEL SIDE 




r! 

1 

W 

Q 




Eh 


0000000000 

0000000000 

0000000000 

II 12 13 14 15 15 11 15 11 20 

21 22 23 24 25 26 2J 25 21 30 

11 32 33 34 35 35 31 31 31 40 



CARD TYPE - Gp(l) CARDS 5-6 

CARD FUNCTION - TURBINE DATA 

CARD FORMAT - ( 5 FIO. 0 ) 


5 . OXIDIZER SIDE 
6 • SIDE 



TITEMP 

Eh 

TMRAT0 

1 

0000000000 

0000000000 

0000000000 

) 0 0 0 0 0 0 0 0 0 

II 12 13 14 15 16 IJ II 11 20 

II I! !1 II » II II II I) 11 

31 32 33 34 35 35 31 31 31 41 

II 42 43 44 45 46 4J 46 41 50 



















FORM LMSC 362 B>3 


LMSC-A991396 


Prepared by; 

Dote 

LOCKHEED MISSILES a SPACE COMPANY. INC. 


Checked by; 

Dote 

Title SOURCE CHARACTERIZATION 

DATA INPUT CARDS 

Model 

Approved by: 

Dote 

Report No. 

1.2.2.16 


Heat source data input (when required) will always be in sets of two cards, 
one each for oxidizer and fuel sides of system. Use dummy (blank) card 
when one unit does not exist. Oxidizer side unit will be entered first 
followed by fuel side unit. 


HEAT SOURCE INPUT DATA CARDS 
CARD TYPE - Gp(m) CARD -1 

CARD FUNCTION - HEAT SOURCE DATA 

READ BY - SUBROUTINE C 0 MPIL 

CARD FORMAT - (I5) 


/ 




0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 D 0 0 0 0 D D 0 0 0 0 0 0 0 0 0 nni-«-4JLi0 0 0 0 0 0 

t I I S II III! I) II 11 li II II II <1 II I! 11 U II II II II II 11 II 11 11 M 11 11 II II 11 « II II II II II II II II I! 11 II 11 11 II IS 11 II II 1! II II 11 11 II 11 11 II II l> l» II II IliriiTl-tf-liaiJl 

CARD TYPE 
CARD FUNCTION 
CARD FORMAT 


Gp(m) CARD -2 
HEAT SOURCE DATA 

(15, 5X, Ufio.o) 


(OXIDIZER SIDE) 



0000000000 

II 12 I] II IS If 1 ; If IS 20| 


21 22 23 21 2S 2f 21 21 2S 30 fal 32 33 31 33 3( 32 31 39 18 


0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 I 0 0 0 10 0 0 D 0 0 0 0 0 0 


III 12 13 II IS If II K IS sol 



|SI S2 S3 S4 SS SI SI SI SS tO II 12 13 SI S3 Sf SI U fS 10 II 12 13 II IS IB II 


CARD TYPE - G (m) CARD -2 

CARD FUNCTION - HEAT SOURCE DATA 
CARD FORMAT - (I5, 5 X, 4 F 10 . 0 ) 


(FUEL SIDE) 



hi 12 13 II IS IS II II IS 20 




0 0 0 0 0 0 0 0 0 op 

III II I] II IS n II II II 11 


W 


ooooooooolo 

1! II M IS II II It » u 


000000000 
III I! II u IS It II II I] III 


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 r8<0 0 

II II 11 M 11 11 II II » 11 11 II 11 U II II 11 It II ID II II II II II II II II 


83 




















FORM LMSC 382 B-3 


LMSC-A991396 


Prepared by: 

Dote 

Checked by: 

Date 

Approved by: 

Date 


LOCKHEED MISSILES & SPACE COMPANY. INC. 


Title 

MOTOR CHARACTERIZATION 
DATA INPUT CARD 


Report No. 

1 . 2 . 2.17 


Electric Motor Data (when required) is input currently with a single, card. If 
additional motor types and characteristics are to be added, the data input will 
need to be expanded. When adding variables, take care to insure proper dimen- 
sioning is accomplished in the appropriate PDP. 


MOTOR INPUT DATA CARD 


CARD TYPE 
CARD FUNCTION 
READ BY 
CARD FORMAT 


- Gp(n) CARD-1 

- MOTOR INPUT DATA 

- SUBROUTINE C0MPIL 

- (15, 5X, 3F10.0) 


0 0 0 0 0 
I I 3 4 i 


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 D 0 0 0 0 0 D O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

II 13 11 14 13 l( n II I) 30 II 32 23 24 23 21 21 21 20 30 II 32 33 34 » » 33 31 30 40 <l 43 43 44 43 4{ 41 4| 49 SO SI S? S3 S4 SS St S3 SI SO ID II 13 13 14 IS It |I II 19 38 M 32 33 34 3S 31 33 


ju^-tinToo oooooooooooooooooooooooooooooDOoooooooooooooooooo oTinr^^-uuijj o o o o o 

0 10 II 13 13 14 IS II 13 II 10 30 31 32 33 24 2S 31 21 21 30 30 33 33 33 34 3S 31 31 31 39 4MI 43 43 44 4S 41 43 41 41 SI SI S3 S3 S4 SS St S3 SI SO ID SI 13 13 14 IS IS S3 SI II 30 31 32 13 34 


















LMSC-A991396 


1.2.3 Table Data Cards 

The use of semi -permanent table data and the general means of acquiring such data has 
been previously discussed in subsection 1. 1.2. 1, and graphically outlined in Fig. 

1. 1.2.2. However, the use of an actual example will serve better to illustrate, and 
demonstrate, the procedvire to be used in setting up tables for the users own specific 
applications . 

The example chosen is the Electrical Heat Exchanger Heat Transfer Performance 
Data for Hydrogen Gas utilized in Data Table 20 of the current program table set. 

The data (Ref. 1) is presented in graphic form in Figure 1.2. 3-1 and represents a 
typical data source obtained from study reports . The heat transfer coefficient as a 
function of hydrogen gas mass velocity, over a given range, is given for four pressures. 
The data is given for a one inch square section of a specific flow element diagram 
which is described in detail in the referenced (Ref. 1) report. 

In translating curve data to table data, the limitations of computer data array manipulation 
must be kept in mind. Normally, if a computer independent variable is slightly off the 
end of a curve, the analyst simply takes a ships curve, or straight-edge and fits the 
curve to extend the graphic function. But a computer table look-up program will only 
see the first or last value in the curve point data array and (if programmed) states that 
the value currently considered is out of range for the table. This problem is avoided 
by extending (extrapolation) each cxxrve in the set (both ends) to insure that the resulting 
table is adequate for the data range required in the planned analysis. For the example 
it was determined that the range for the independent variable (mass velocity) should be 
0. 1 to 6. 0 Ibs/hr-sq. in. The resulting points taken from the curve are given in the 
following table. 
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Figure 1,2, 3-1 Hydrogen Electrical Heater Heat Transfer Performance 
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Table 1.2. 3-1 

ELECTRICAL HEAT EXCHANGER - HEAT TRANSFER 
PERFORMANCE FOR HYDROGEN GAS (REF. FIG. 1.2. 3-1) 


Mass 
Velocity 
(Ib/hr-sq. in.) 

Heat Transfer Coefficient (BTU/Hr-°R-Sq. In.) at; 

14.7 

(psia) 

100 

(psia) 

500 

(psia) 


0.10 

.27 

.35 

.45 

.50 

0.30 

.70 

.78 

.88 

.99 

0.50 

.96 

1.10 

1.20 

1.30 
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1.21 

1.35 

1.45 

1.55 
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1.42 

1.53 

1.65 

1.76 
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1.85 

1.96 

2.08 
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1.97 . 

2.09 

2.22 

2.34 

3.00 

2.35 

2.48 

2.61 

2.78 

4.00 

2.73 

2.87 

3.04 

3.22 

5.00 

3.09 

3.25 

3.42 

3.65 

6.00 

3.45 

3.65 

3.82 

4.09 


Translation of the data from Table 1.2. 3-1 into the table data card format then consists 
of assigning the program variable names and values in the order illustrated in 
Fig. 1.2. 3-2. 

Taking the variables as they appear for each of the table cards shown in Figure 1.2. 3-2, 
the following assignments are made; 

Card-1, Title Card 

Title = HEATXFER.COEFF. -H2 
ND = 3 (Number of variables in table) 

NC = 4 (Number of command cards) 

IP = (Blank) (Table will not be plotted) 

NT = 20 (Table I.D. number) 
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Checked by: 

Dote 

TABLE DATA INPUT CARD FORMAT 
Figure 1.2. 3-2 

Model 

Approved by: 

Date 

Report No. 

CARD TYPE - Gp(d 

CARD FUNCTION . - tABU 

CARD-1 

j; IDENTIFICATION AND CONTROL CARD 



CARD TYPE 
CARD FUNCTION 


- Gp(d) CARD-2 

- TABLE COMMENT CARD 




COMMENT 

(13A6,A2) 


I I I 1 s I I I It II II II i< IS II II II I) II II II II II n II II II II II II II I) M IS li II II II II II II II II IS II II II II ss SI SI SI SI ss SI SI SI SI II II II II II IS II .11 II II II II II II II IS II II II II n 


CARD TYPE 
CARD FUNCTION 


- Gp(d) CARD-3 

- TABLE SUBSET VARIABLE CARD 


/ LABV 

NP 

TABj_ 

TAB 2 

TAB 3 

TABj^ 

'^'^NP 

\ 

(3A6) 

(17) 

(ElO.O) 

(ElO.O) 

(ElO.O) 

(ElO.O) 

(ElO.O) 

\ 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 








1 : 3 ( 9 S I 1 G IQ II 17 13 H 13 li III! IS 


'jljlililnSnllnll 

]i 31 ]l 3S 41 41 47 4) 44 43 

li 4) '4( 4S 30 31 37 33 34 33 

31 37 30 30 iO i1 17 t3 U (3 

ii II li H 70 II 77 l] 74 73 

71 7) 71 71 ^ 


CARD TYPE 
CARD FUNCTION 


- Gp(d) CARD-U 

- TMLE DATA PLOT CONTROL CARD 


lABX 

(3A6) 


I I 1 I S I I I I II II II II II IS II nil 


LABY 

XMIN 

XMAX 

(3A6) 

(EI 2 .O) 

(EI 2 .O) 

000000000000000000 

000000000000 


13 ii 71 77 73 74 73 71 77 71 70 3G 31 17 33 34 3) 3i 

37 31 IS 40 41 42 43 44 43 4i 47 

IS 30 39 37 33 31 33 31 37 31 39 iD|i 


0 0 0 0 0 0 0 D 0 0 0 0 0 0 rftj e e 

II II II IS II II II II ID II II II II IS II II l^ 


CARD TYPE 
CARD FUNCTION 


- Gp(d) CARD-5 

- TABLE SUBSET DATA CARD 



CARD TYPE 
CARD FUNCTION 


G (d) CARD-6 

T&LE DATA CARD (DISCRETE DATA) 


YTAB 

XTAB 

YTAB 

XTAB 

YTAB 

\ 

(EI 2 .O) 

(EI 2 . 0 ) 

(EI 2 .O) 

(EI 2 .O) 

(EI 2 .O) 

\ 


000000000000 

000000000000 




13 14 13 IS 17 11 IS VO 71 77 73 74 

73 7i 77 70 7S 30 31 37 13 H 33 li 

37 11 IS 41 41 42 41 44 43 4i 47 41 

IS 30 31 37 31 34 33 3t 37 31 31 SI 

SI S7 il S4 i3 SS 17 tl |S 70 71 77 

7] 74 73 7S 77 71 7S^ 


XTAB 

(E12.0 


000000000000 
I ; 3 ) S i ] I S IG II l?| 
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Caxd-2 , Command Card 

Foxir Command Cards are used (NC = 4) . Three cards contain description 
of table and source data reference , while the fourth card is simply used 
as a spare card. 

Card-3, Table Subset Variable Card 

This card contains the names of the third variable in Table 1.2. 3-1, the 
number of values the variable can take on, and the values themselves. 


LABV 

= Pressure (psia) 

(Third variable) 

NP 

= 4 

(Four pressure values) 

TAB^ 

= 14.7 

(First value) 

TAB2 

= 100 

Second value) 

TABg 

= 500 

(Third value) 

TAB^ 

= 1000 

(Fourth value) 


Card-4, Table Plot Control Card 

This card is used to enter the X-AXIS and Y-AXIS labels and the X value 
minima and maxima for plot output of table data. 


LABX = MASS VELOCITY 

(X variable) 

LABY = HEAT TRANS. 
COEF. 

(Y variable) 

XMIN = 0.1 

(if used) 

XMAX = 6.0 

(if used) 


Card-5, Table Subset Data Card 

There will be a subtable of X and Y values for each value that LABV can 
assume. Since NP = 4, there will be four subtables arranged in the 
increasing order of TAB^. Each subtable will have a Card 5 giving the 
number of X, Y sets of points in the subtable, the "type” of data, and the 
number of points to be used for interpolation. 
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( 


NV = 11 (Eleven sets of X,Y values per table subset) 

TYPE = 1 (Discrete data points from curve) 

NIP = 3 (Use 3 points for interpolation since curve is 

somewhat parabolic) 

Card-6 , Table Data Card 

Use 4 data cards per table -subset, entering three sets of X,Y data per 
card with the last card having two sets of X,Y data (NV = 11). Thus, the 
first table -subset card starts with Mass Velocity and Heat Transfer 
Coefficient values for the 14,7 psia pressure curve. 

XTAB^ = 0.10 
YTAB^ = 0.27 
XTABg = 0.30 
YTABg = 0.70 
XTABg = 0.50 
YTABg = 0.96 

The completed Table 20 is illustrated as a card listing in Table 1.2. 3-2. 
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Table 1.2. 3-2 


HEAT TRANSFER PERFORMANCE DATA FOR HYDROGEN 
DATA TABLE NUMBER 20 


HT.XF Ei^.CnFF •'•H2 3 U 20 

overall Heat transfer cocFFrcifNr for h? ellc^ric powered hex as a 
funchom nP mass velocity amd fluid ihlft pressure. 

Rtf, 4R-71*7535, 


PRESSoRp 

(PSTA) 

4 14.7 

• 

O 

o 

500, 

1 000, 

MASVEL(LB/HR-^IN) u 

(PTU/HR-R-SO.TN) 




u 

1 3 





• 10 

• 27 

• 30 

• 70 

.50 

.96 

• 75 

1.21 

1 .00 

1*42 

1 .50 

1 .75 

2«U0 

UP7 

3,00 

2.35 

4,00 . 

2.73 

5.U0 

3,09 

6.00 

3.45 



11 

1 3 





• 10 

*35 

• 30 

• 70 

• 50 

1.10 

• 75 

U35 

1 *oo 

US3 

1 ,50 

1 .05 

2^00 

2,09 

3.o0 

2*40 

4,00 

2.07 

5^00 

3.25 

6^00 

3.6« 



11 

1 3 





• 10 

• '15 

•30 

• R0 

.50 

1 ,20 

• 75 - 

1.(15 

1 . 0 0 

1.65 

1 .50 

1.96 

2.00 

2.22 

3«00 

2«6i 

4,00 

3.04 

5.00 

5.«2 

6.00 

3.b2 



11 

1 3 





• 10 

• 50 

• 30 

• r9 

.50 

1.30 

.75 

U55 

1 *00 

1 .76 

1 .50 

2.00 

2.U0 

2.34 

3*o0 

P.rfl 

4.00 

3.22 

5.00 

3.65 

6.rt0 

4.n9 
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1.2.4 Use of Program Files and Data Files 

In the use of the Math Model Program as an operational analysis tool , it can be quite 
inconvenient to have to load the entire program , data tables , and problem deck each 
time a nm is to be made. It is therefore recommended that the program and data 
tables be maintained on stored files in the facility FASTR AND drum or DISC storage . 

1.2.4. 1 Program File . The Math Model Program as currently structured contains 
approximately 16,000 source cards includii^ the thermodynamic properties sub- 
programs. The program therefore is usually maintained on a master tape which takes 
quite awhile to read into core. It is considerably more convenient to maintain the 
program file on FASTRAND Drum or DISC storage and simply call in the file and 
copy it for use in a run. 

1 

For the UNIV AC-1108, the procedure in setting up a mass-storage file and using it 
are generally as follows: 


Creating a Program File 

Assume that the mnemonic TCIMM is used as the program file name, then the file creation 
cards are as follows: (A Master Tape and Program File will be created) 


@ RUN 
@ LID 


^ varies with facility operating procedures 


@ DELETE, C 
@ DELETE, C 
@ ASG.UP 
@ ASG,UP 


TCIMM TAPE. 
TCIMM. 

TCIMM TAPE.,T 

TCIMM. , FD4 


(Purges tape name) 

(Ihirges file record) 
(Assigns tape requirement) 
(Assigns file on DISC) 


@ PDP,IFL 
@ F0R,IS 
@ F0R,IS 


CACCUM 

ACCRES, ACCRES 
Z FIND, Z FIND 


Source Deck 
Cards for 
Entire Program 
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@ C0PY 
@ TIC 
@ C0P0UT 
@ FREE 
@ FREE 


TPF$. ,TCIMM. 

TCIMM. .TCIMM TAPE. 
TCIMM. .TCIMM TAPE. 
TCIMM TAPE. 

TCIMM. 


(Creates program file) 
(Makes tape label) 
(Writes tape) 

(Frees tape) 

(Frees TCIMM file) 


@ FIN or @ E0F 


(Ends run) 


A run is made and the Program File and Program Master Tape are created and 
logged in the Facility Program Library. The user is now protected in the event of a 
system crash which causes the loss of the stored program file since the Master Tape 
is a backup file . 


Using the Program File 


The stored Program File (TCIMM.) may be called in for use in the following fashion: 


@ 

RUN 



@ 

LID 



@ 

ASG.A 

TCIMM. 

(Assigns file) 

@ 

COPY.P 

TCIMM. .TPF$. 

(Copy file to user free of core) 

@ 

FREE 

TCIMM. 

(Free file to storage) 


(Reference 

Figure 1. 2.4-1) 



1.2. 4. 2 Data Table File . Similarly, for the DATA TABLES which currently require 
approximately 1,300 source cards and could reach several thousand cards for newer 
systems , it is advisable to maintain a stored file and backup tapes . In this case a 
DATA file is preferred for the storage mechanism since file editing can be easily done 
from a DEMAND terminal, if the facility is so equipped. 

The creation of a data file in the UNTVAC-llOS (EXEC -8) is accomplished as follows: 
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Creating a DATA File 

Assume TNUMBAG. will be the file name chosen for TABLE DATA DECK. 

Varies with facility operating procedures 

TNUMBAG. 

TNUMBAG. ,F04 
TNUMBAG. 

TABLE DATA DECK 
FOLLOWED BY 
ONE BLANK CARD 

@ END 

@ PIN or @ EOF 

A run is made and is listed by the Data Processor. File is now stored on disc or 
drum. 

Using the Data File 

The stored data file (TNUMBAG.) may be called in for use by placing an ASG card just 
before the program execution card and an ADD file card after the third card in the 
problem data input deck, as follows: 

@ ASG, A TNUMBAG. 

@ XQT 

DATA DECK USER CARD 

TITLE Header Card 

TABLE ECHO CONTROL CARD 

@ ADD TNUMBAG. 

SYSTEM DEFINITION CARD 

(Rest of data deck) 

@ FIN or E0F 

(Reference Figure 1.2. 4-1) 


(Deletes slot file 
(Disc storage) 
(Data processor) 


@ RUN CARD 
@ LID CARD 

@ DELETE, C 
@ ASG, UP 
@ DATA.IL 


94 


LOCKHEED MISSILES & SPACE COMPANY 



LMSC-A991396 



FIG. 1.2. 4-1 TCIMMRUN DECK SET UP TO USE PROGRAM 
FILE AND DATA TABLE FILE 
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1. 2. 4. 3 Input Deck Data File . For the case where a group of analyses are desired for 
a given cryogen system and the "run to run" changes in the data deck are relatively 
few , it is often advantageous to place the input data deck into a data file and simply 
use change cards to alter the file when it is called in. Or, if the facility has a 
DEMAND system with terminals, it is possible to use the system EDIT0R processor 
and alter the data file prior to calling it in for a run. 

The use of change cards to alter the data deck is a simple procedure however , and the 
original Input Deck Data file can be preserved for repeated use simply by creating a 
temporary file containing the changes. Assume the nemonic AC PS DATA, to be the 
file name for the ACPS Data Input Deck file. It is desired to change the value of NPRT2 
to zero to suppress all table output on the TABLE ECHO CONTROL CARD. This 
requires a zero in column 20 of the card. The new file will be temporary for one run 
only and for this purpose use TACPS DATA, on the temporary file name. 

The procedure and deck setup to be used, follows: 

(a) Before the runXQT card, insert these cards: 

@ASG,A ACPSDATA. 

@ASG,T TACPSDATA. 

0 DATA, L ACPSDATA. , TACPSDATA. 

-3,3 

10 1 0 

(b) After the XQT card, and in place of a data input deck, insert this card: 

©ADD,P TACPSDATA. 

The program will now run using the temporary TACPSDATA. file, and, will list 
TACPSDATA. as a record of the temporary input data used in the run. The temporary 
file vanishes and the original unchanged file is still available for use . 
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1.2.5 Sample Input Data Deck Listing 


As an aid in following the information presented in subsections 1.2.1 through 1.2.4, 
a listing of a typical Math Model data input deck is provided. The listing presented 
is the Attitude Control Propulsion System test problem which will be discussed in 
depth in Section 2. 0 of this manual. Table 1.2. 5-1 contains the complete test 
problem data input deck. 

1.2.6 Data Table Deck List 

The Data Tables currently employed in the program were set up to permit development 
and checkout of the sxibprograms required for the basic five types of system analysis. 
It, therefore, must be recognized that for systems which are more advanced, new data 
tables will probably be required. Direct substitution of tables is easily accomplished 
provided the table contains the same number of variables , arranged in the same order 
as used in the original table . 

As an aid to future users of the program, a complete listing is presented of the current 
table to illustrate the diversity of table forms accommodated by the Math Model. 
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TABLE 1.2. 5-1 

ACPS INPUT DATA DECK LISTING 


u8tR8 ^AME 6213 lOa 30235 

4CP3 - Test demonstration problem 

10 1 1 
*A^O TNUMbAC. 

Aci'S SUbCHlTlCAL LA$T CARD 


GaS 

1 

1 

0 







02-VAP 

CONFIG 1 

tN«l'NE 

0 

3 

0 







ENGl 

CONFIG 2 

Line 

10 

3 

0 

1.00R5 

110. 

2.0 

4 

.5 

3o. 

LNOl 

CONFIG 1 

Ted 

21 

1 

0 

1.0005126.3 





FTOl 

CONFIG 4 

UpE 

10 

1 

0 

1.0005150.0 

2.0 

4 

.5 

3(1. 

LN02 

CONFIG 5 

Tap 

31 

1 

0 

1.00O5 

10.5 





FT02 

CONFIG 6 

LpE 

10 

1 

0 

1.0005 

24,0 

2.0 

4 

.5 


LN03 

-CONFIG 7 

Valve 

31 

1 

0 

1.0005 

1 0.5 





IVOI 

CONFIG e 

Line 

10 

1 

0 

1.0005 

12.0 

2.0 

4 

.5 

3(1. 

Ln04 

CONFIG 9 

valve 

21 

1 

0 

1.0005135.0 





CV02 

CUNF IGIO 

LpE 

10 

1 

0 

1.0005 

OO .0 

2.0 

4 

.5 

30. 

LN05 

CONF IGl 1 

Tap 

3l 

1 

0 

1.0005 

1 0 .5 





FT 03 

CONF1G12 

LpE 

10 

1 

0 

1,0005 

20.0 

2,0 

4 

,5 

30. 

LN06 

CONF IGl 3 

Hf G 

32 

1 

0 

1.0005336.8 





PHOl 

CONFlGlO 

LpE 

10 

1 

0 

1.0005 

30.0 

2.0 

4 

.5 

3o. 

LN07 

CONF IG15 

AcLUM 

0 

1 

0 

1 



4 

2,0 

3o. 

ACOl 

CONF 1G16 

LpE 

10 

1 

0 

1.0005 

24.0 

2.0 

4 

.5 

3o» 

LN06 

CONFIG17 

hex 

1 


0 

1 






MX 01 

CONF 1G18 

GaS 

1 

2 

0 







02-LlQ 

CONFIG19 

LpE 

10 

1 

0 

1.0190 

12.0 

1.0 

4 

.5 

3ft. 

LN09 

CUNF IG20 

Valve 

31 

1 

0 

1.0160 






cvoi 

CONFIG21 

Live 

10 

1 

0 

1.0180 

12.0 

1.0 

4 

• 5 

3ft. 

LNIO 

CONF IG22 

P|jMP 

21 

1 

0 

1 






HPOl 

CONF IG23 

LINE 

10 

1 

0 

1.0160U0.O 

l.S 

4 

.5 

3ft. 

LNll 

CONF 1G24 

Valve 

21 

1 

0 

1,0150 

6,67 





svui 

CUNF1G25 

Line 

10 

1 

0 

1.0150 

}2.0 

2,5 

4 

.5 

3ft. 

LM2 

CONF IG26 

Tap 

31 

1 

0 

l.OlSO 

6.67 





FT04 

CONF 1G27 

LpE 

10 

1 

0 

1.0150 

24.0 

2.5 

4 

.5 

3ft. 

LMi 

CUNF1G28 

Tank 

0 

1 

0 

2 



4 

2.0 

3ft. 

TKOl 

CONF IG29 

GaS 

2 

1 








H2-VAP 

CONF 1G30 

Engine 

0 

3 

0 







ENGl 

CONFIG31 

LpE 

10 

3 

0 

1 .011 

1 10, 

1.75 

4 

2.0 

3ft. 

LN21 

C0NFIG32 

tel 

21 

1 

0 

1 .011 

109, 





FT21 

CONF 1G33 

Line 

10 

1 

0 

1 .011 

l50. 

1.7S 

4 

2.0 

3ft. 

LN22 

CONF IG34 

Tap 

31 

1 

0 

1 .011 

9. 





FT22 

CONF IG35 

Line 

10 

1 

0 

1 .011 

24. 

1.75 

4 

2.0 

3ft. 

LN23 

CONF IG36 

Valve 

31 

1 

0 

1 .011 

9. 





1V02 

CONF IG37 

Line 

10 

1 

0 

1 .oil 

12. 

1.75 

4 

2.0 

3q. 

LN24 

CUNFlG3a 

VaLVc 

21 

1 

0 

1 .011 

66. 





CV04 

CONF 1G39 

Line 

10 

1 

0 

1 .011 

.40. 

1.75 

4 

2.0 

3o. 

LN25 

CONF IG40 

Tap 

31 

1 

0 

1 .oil 

9, 





FT23 

CONF1G41 

Line 

10 

1 

0 

1 .011 

20. 

1.75 

4 

2.0 

3ft. 

LN26 

CONFIG42 

HeG 

32 

1 

0 

1 .011336.4 





PR02 

CUNFIG43 

Line 

10 

1 

0 

1 .011 

30. 

1.75 

4 

2.0 

3ft. 

Ln27 

CUNF 1G44 

Ac Cum 

0 

1 

0 

1 



4 

2.0 

3ft. 

AC02 

CONF 1G45 

Line 

10 

1 

0 

1 .011 

24, 

1,50 

4 

2.0 

3ft. 

LN28 

CONF 1G46 

PE* 

1 

1 

0 

1 






HX03 

CONF 1G4 7 

GaS 

2 

2 








H2-L10 

CONF IG40 

Line 

10 

1 

0 

1 .011 

12. 

l.SO 

4 

2.0 

3o,. 

LN29 

CONF 1G49 

Valve 

31 


0 

1 .011 

9. 





CV03 

C0NF1G50 

Line 

lO 

1 

0 

1 .Oil 

12. 

1.50 

4 

2.0 

3ft. 

LN30 

CONF IGSl 
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TABLE 1. 2.5-1 

ACPS INPUT DATA DECK LISTING (CONTD) 



1 

0 

1 




HP02 

C0NPI652 

I-INE 10 

1 

0 

1 <018 

120 

. 2.0 4 .2.0 

^0* 

Ln31 

CUNFIGS3 

Valve 2t 

1 

0 

1 .018 

S< 

6 

SV02 

CQNFIG54 

Line lo 

1 

0 

1 <018 

12 

< 2.0 4 2.0 

3n. 

LN32 

C0NF1G55 

Tap 31 

1 

0 

1 <018 

5< 

6 


FT24 

C0NF1G56 

LINE 10 

1 

0 

1 <018 

29 

< 2.0 4 2.0 

3o. 

LN33 

CQNF1G57 

T aN* 0 

1 

0 

2 


4 2.0 

30. 

TK02 

CONFIUSe 








ENDCFG59 

a, be 

b<t0. 


<<9 


3 



OCYLOl 

6.1b 

7N75. 


.9 


3 



DCYL02 

3, be 

2094(. 


<9 


3 



0CYL03 

33.60 

b36 

f 

.9 


3 



DCYL04 

7. “3 

2061 

• 

<9 


3 



DCYL05 

3. be 

bV3. 


<9 


3 



UCYL06 

66.10 

536. 


<9 


3 



DCYL07 

32.30 

719. 


<9 


3 



0CYL08 

10 '4. 10 

566. 


<9 


3 



0CYL09 

31 .NO 

ie/6. 


.9 


3 



UCYLIO 

16.16 

571096. 


.9 


3 



DCYLl 1 

100.00 

<9569. 


<9 


3 



0CYL12 


" 1 , 







ENCINPUT 

3 3S0t 

400. 

175o< 

250, 

40. 

4< 

ENGINE 

1 1 

2 

2 

2 





SMAL.TH.02 

16S« 

16. 


170< 

26<7 3l<7 

.2 

2. 


3. 

5.066 








1 1 

2 

2 

2 





SMAL.TK.H2 

37, 

16. 


40< 

19<1 24.1 

.3 

2. 


3. 

5« 









1 

0 




IWOP 1 1 

1 

4 

1 



ACCUM-02 


350. 

2000. ,1 2. 2.5 


2.05 

500. ACCUM-02 

1 

4 

1 



ACCUM-M2 


350. 

2000, ,2 2, 72.5 


5.20 

■500. ACCUM-H2 

1 





NUHHEX 

2000, 

1100, 

173. 350. 245. 215. 2030, 2000. 

30 . 

30. 

1. HXOl 1 

2000, 

102S, 

42. 3b0. 500. 470. 2010. 2000. 

30. 

10. 

1* HX03 1 

2 

.52 

8.7 20000. 2023. 



PUMPl 

2 

.59 

1.1 70000. 2023. 



PUMP2 






THPUMP 1 






TRPUMP 2 

• 

bb 

2000, 1160. .891 250. 



TUR8N 1 

t 

36 

2000. 1160. .891 500. 



TUKBN 2 

1 





nuhhso 

1 


1.0 2060. 245, 



HSORC 1 

1 


1.0 2060. boo. 



HSORC 2 
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1.2. 6.1 LISTING OF DATA TABLES 


DATA TABLE -1 


HCS-THRUSIER WEIGHT ^ S • 

IllOH PWEbSURE APS TIIHUSTeR 
REOEN, SLOT TYPE CU. CMAIiaER 
i^UAD REDOIIDAHT valves, rad. NOZILE 

EXPANSION RATIO SET TO AO FOP. THIS DEMONSTRATION TABLE 


Tu = TF 

(K) 

2 200. 

soo. 



PC (PSIA) 


3 100. 

300. 

soo. 


Thrust (Lb-F) tca 

WEIGHT (UB 

-M) 



H 

t 2 





100. 

19.1 

300. 

29. 

600. 

MO. 3 

iOou. 

SM. ■ 

ISOO. 

70. 

3000. 

MS. 

6U0U.0 

R3M.0 

inooo.o 

MTS.O 



H 

12 





too. 

IS. 9 

300. 

20.9 

600. 

26.8 

ioou. 

33. S 

ISOO. 

Ml. 

3000. 

6M. 

60uu.n 

118.0 

inooo.o 

218.0 



H 

12 





100. 

IS. 

300. 

18.9 

600. 

23.1 

ioou. 

28. a 

ISOO. 

33.9 

3000. 

M9.8 

60OU.O 

81.0 

inooo.o 

131.0 



8 

12 





100. 

19.1 

300. 

29. 

600. 

MO. 3 

ioou. 

SM. 

ISOO. 

70. 

3000, 

118. 

600U.O 

234.0 

10000,0 

MTS.O 



8 

1 2 





100. 

IS. 9 

300. 

20.9 

600. 

26,8 

lonu. 

33. S 

ISOO. 

Ml. 

3000, 

6M. 

bOou.o 

118.0 

inooo.o 

218.0 



8 

12 





100. 

IS. 

300, 

18.9 

600. 

23.1 

Ioou. 

28.2 

ISOO. 

33.9 

3000. 

M9.8 

600U.O 

81.0 

10000,0 

131.0 




DATA TABLE -2 



kLs-VAC. bP. iriFULsE 

3 

H 


HIGH PfiEbSORE APS thruster 

theoretical performance for caseous HYDR06EN/GASE0US OXYGEN 

Expansion ratio set to mo for this demonstration table 


PROPELLANI Tf.llP, 
MiXIUHE RaTIO(0/F) 
9 13 

1 100. 

I5P(LBF-SEC/LBM) 

2S0. 

SMO. 

me. 

1 . 

■ 360 , 

I.S 

392. 

2. 

2;s 

M3S.S 

3. 

MMS.S 

3.S 

MSI, 

m; 

MS4, 

9 13 

s. 

MSS. 

7. 

MM2. 

1 . 

398. 

I.S 

M2S. 

2. 

MMI.S 

2;s 

MSI ; 

3. 

MS7.S 

3.S 

M6I.S 

m; 

M63.S 

9 1 ■ 3 

s, 

M63.S 

7, 

MM8. 

1 . 

M29, 

I.S 

MM7. 

2. 

MS9, 

2|S 

M67, 

3. 

M72. 

3.S 

M7M, 

^ • 

47M; 

S. 

M70.S 

7. 

MS2. 


100 
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DATA TABLE -3 

SPEC.HT/Lb OF C2 REMOVED 1 H 3 

bPEClFJC heat per lb. OF 02 WITHDRAWN 

(SPEC. HEAT) VS (DENSITY) AT A GIVEN PRESSURE 
uENSITY = F (PCT.V;iTliORAHN,PF/(ZF*TF) ) 


PRESSUhE 

(PSIA) 

S 700. 

1000. 

ISOO. 

2000 

. 3000 

PLOT LAbEL 







23 1 

3 






2 ,nS 6 

23*5.88 

2.241 

212.94 

2.402 


196.04 

2.SV0 

179.47 

2.RI 1 

163.24 

-3.2BS 


163.24 

3.S27 

126.64 

4.0S9 

108.76 

4.S67 


9S.90 

5.0V7 

6S.38 

7.168 

S9.ni 

8.S78 


SO. 10 

10. 

44. 

IS. 

33.7 

20. 


29. 1 

2s; 

28.8 

30. 

31. S 

3S. 


38. 

HO. 

47. *5 

4S. 

S9.S 

'0. 


7S. 

6(1. 

1 IS. 

70.126 

164. 




20 ■ 1 

1 






2.RI7 

23S.24 

3.109 

217,76 

3.412 


194.90 

3.7fl4 

172,64 

4.2S4 

ISI.02 

4.F7I 


129.96 

s.nse 

124, 7S 

7.041 

87.87 

9.068 


67.80 

in. 

60. 

IS. 

4S.8 

?o. 


39. S 

2S. 

37.9 

30. 

39.6 

3S, 


44.8 

40. 

S3.S 

4S. 

64.9 

SO. 


80. 

60. 

1 i9;s 

70.126 

166.9 




17 ■ 1 

3 






4.312 

233,81 

S.06I 

192.89 

S.967 


IS9.S0 

7.047 

132.88 

8.113 

114.61 

9.143 


101. 4S 

lU.P.iS 

90. 6S 

14,772 

64. 6S 

I9.8S4 


S3, 02 

2S. 

SI. 

' 30. 

Sl.l 

»s. 


ss. 

4o; 

62.2 

4S, 

72, S 

SO. 


flS,7 

60. 

121.7 

70.126 

170, 




17 ■ 1 

3 






S.6S7 

232.12 

6.046 

214,14 

7.022 


179, SO 

b. 140 

IS2. 18 

9.022 

136, 4S 

10. ISO 


121. OS 

(2.662 

97,93 

IS, 476 

82, OS 

19.617 


68.68 

2S. 

64.7 

30. 

63,2 

3S. 


6S.3 

4o; 

70.9 

4S. 

79.9 

SO, 


90.8 

60. 

126. 

70,126 

174. 




IS ■ 1 

3 






e.ibs 

228, SI 

7.20S 

198,44 

10.240 


I7S.72 

i2;bib 

139.40 

I4.4S7 

•26. 2S 

I6.SS3 


113.42 

20. 

99, 

2S, 

86, 1 

30, 


m .s 

3S. 

82. 

40. 

86.9 

4S. 


9S.6 

so; 

107.4 

60. 

137.7 

70. 

126 

mo.R 


DATA TABLE -4 

SPEC.Hj/Lb OF H2 REMOVED 34 4 

SPECIFIC heat per LB. OF H2 WITHDRAWN 

(SPEC. HEAT) VS (DENSITY) AT A GIVEN PRESSURE 
density = F(PCT, withdrawn, PF/(ZF*TF) ) 


pressuke 

(PSiAj 

S 

300. 

soo. 

700, 

1000. ISOO. 

PLOT LAbEL 
IS 1 

.214 

3 

999,41 


.313 

S6S.SI 

.••83 

4I4.0S 

.40' 

362. 


.43 

326. 

.46 

296. 

.s 

274. 


t. 

(SI, 

US 

119. 

2. 

III. 


2, *5 

124. 

•^.0 

IS3. 

3.S 

192; 


4,0 

238. 

4.36S 

272. 

IS' 1 

.218 

3 

IS89.88 


.420 

786.88 

.642 

410.93 

.73' 

370. 


.76 

340. 

.8(1 

316. 

.8b 

293. 


1. 

2,4S. 

US 

183. 

8. 

162; 


2.S 

164. 

3.0 

IBS, 


LOCKHEED 

101 

MISSILES a SPACE 

COMPANY 
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I.*! 

217. 

9,0 


258, 

9,365 

2'>2. 

17 

1 3 






,213 

■ 2IS8.33 

.318 


1592,80 

.923 

1199,90 

.S32 

901,90 

.697 


679.37 

.899 

912.82 

.98 

376. 

1 .03 


360. 

1 . 10 

398. 

1 .19 

313. 

i.s 


256. 

2.0 

208,5 

2.S 

2C2. 

3.0 


217. 

3.5 

295. 

9.U 

2c2. 

9.-56S 


312. 



If) 

1 3 






.203 

■ 3208.73 

.908 


1683,98 

.59S 

1209.78 

.821 

798.99 

1 .02 


571.99 

1.27 

925.33 

1.38 

390. ' 

1.90 


378. 

1 .50 

352. 

1 .^>5 

391 . 

2.0 


283.5 

2.5 

261.5 

3.0 

26S. 

3.S 


289. 

9.0 

315. 

M.36S 

392. 






IH 

1 3 






.2*59 

■ 36S9.70 

.9IS 


2269.82 

.619 

1692,97 

.BIS 

I28S.33 

1 .023 


989.78 

1 .299 

755.91 

1 .900 

697. 3S 

1 .723 


505.19 

1 .876 

955.92 

1 .9S 

922. 

2.00 


919. 

2.05 

908. 

2. 18 

391 . 

2.S 


363. 

3.0 

399,5 

3.S 

3M7;S 

9.0 


369. 

9.365 

393, 

DATA TABLE - 

■5 






temk. /lb. 

OF 02 pEMOVEO 

3 

9 


5 


■ IEMPlRATURK (DfIG-Rl PER 

LB. OF 

02 

WITHDRAWN 



(TLIIH. 

) VS (DENSITY) 

AT A GIVEN 

PRESSURE 



density = F(PCT, withdrawn, PF/UF)TF)) 



HHESi.UHF 

(PSIA S 

700, 


1000. 

1500. 

2000, 

PLOT label 






21 

1 3 






2.0S6 

1000, 

2.291 


920, 

2.902 

860, 

2.S90 

800, 

2.811 


790, 

3.285 

690, 

3.S27 

600, 

9.0S9 


530. 

9.567 

980, 

S.097 

990. 

7.160 


350, 

8.578 

320, 

I0.2u9 

300, 

19.992 


280, 

18,617 

276.19 

2S, 

276.19 

36.171 


276,19 

99.395 

270. 

SI .80S 

2SS. 

60.023 


225, 

72,252 

160, 

18 

1 3 






2.917 

■ 1000, 

3.109 


990, 

3.912 

860, 

3.789 

780, 

9.2S9 


700. 

9.871 

620. 

S.0S6 

600. 

7.091 


960, 

9.069 

390, 

1 o.noo 

370. 

19.702 


320, 

21.799 

300, 

26.969 

29S. 

39.160 


290. 

92.970 

280. 

SI .612 

260. 

60,710 


225. 

72.510 

160. 

IS ■ 

1 3 






9.312 

1000, 

S.Q6I 


860, 

5.967 

790. 

7.097 

'690. 

8.113 


570, 

9.193 

520. 

I0.23S 

980. 

19.772 


390. 

19.859 

350. 

2S.2B8 

330, 

39.878 


310, 

92.293 

295. 

S 1 . H7 

270, 

60.72S 


230, 

72.926 

160. 

IS 

1 3 






S.6S7 

1000. 

6.096 


990, 

7.022 

820. 

8.190 

'720. 

9.022 


660. 

10.150 

600. 

12.662 

SIO, 

IS. 976 


950, 

19.617 

900. 

26.117 

360, 

39.919 


330, 

95.039 

300, 

so. 769 

280. 

60.791 


235. 

72.559 

165. 

12 

1 3 






8. IBS 

1000, 

9.20S 


900. 

10.290 

820. 

I2.8|8 

680. 

I9.9S9 


620. 

16.553 

560. 

20.909 

980, 

31.139 


390, 

91.339 

390. 

SI ,263 

29S. 

60.791 


295. 

72.618 

170. 
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DATA TABLE -6 

temp, /LB. OF H2 PEMOVEO 3 M 6 

-■ JEMPtRATURE (PEG-RJ PER LB. OF HZ WITHDRAWN 
(TtilP) VS (DENSITY) AT A GIVEN PRESSURE 
UENSITY = r (PCT.WITHDRAWNtPF/(ZF*TF)) 


pressure 

(PSIA) 

5 300. 

500. 

700. 1000. 1500 

PLOT LAbEL 






17 1 

3 





.am 

260.0 

.313 

180.0 

.333 

150.0 

.40' 

148. 

.43 

130. 

.46 

124. 

.•>0 

1 IS. 

.75 

89, 

i.on 

78,5 

1 .as 

73. 

1.5 

69.8 

2. 

66. 

a.s 

64.3 

3. 

62. 

3.5 

58, 

4. 

5i; 

4,365 

43,5 



16 1 

3 





.aiB 

420.0 

.420 

220.0 

.642 

150,0 

.73 

130. 

.76 

127. 

.80 

123.5 

.as 

120. 

1. 

107.8 

1.25 

95.5 

1 .s 

67.5 

2. 

79. 

2.5 

71.3 

3. 

68.3 

3.5 

62.3 

4,0 

54.7 

‘4.36S 

48.5 





l« 1 

3 





.a 13 

600.0 

.318 

400.0 

.423 

300.0 

.S32 

240.0 

.647 

200.0 

.899 

150.0 

.98 

132. 

1 .03 

128.5 

I.IO 

123.0 

i .a 

119. 

1.25 

1 16. 

1.5 

104.8 

2.0 

90.5 

2.5 

80.8 

3,0 

74,2 

3.S 

66.5 

4. 

58, 

4,365 

5(, 

16 I 

3 





.au3 • 

900,0 

.408 

440,0 

.559 

320,0 

;b2I 

220.0 

1 .02 

180.0 

1.27 

150,0 

1.36 

(40.5 

1 .40 

138.0 

1,50 

131,0 

I.SS 

129, 

2. 

108. 

2.5 

94,4 

3. 

84; 1 

3.5 

74.4 

4, 

63,9 

9,365 

55,5 





ta I 

3 ■ 





.as4 

1 100. 

.415 

650.0 

.614 

425,0 

.815 

320, 

1.023 

250,0 

1.244 

215,0 

1 .MUO 

190. 

1.723 

160. 

1.876 

150,0 

1.95 

(43.0 

2.0 

139.0 

2.05 

137.0 

2. lb 

130. 

2.5 

• 17, 

3. 

101. 

3.5 

86;9 

4.0 

73,9 

4,365 

65. 


data table -7 

rR/ vs PGG,M/R»PA(’BiPCHP S 3 7 

REFERENCE REACTANT FLOW AT T.I.T.c 2060 DEG R, 

(RR) VS (PCT.CP.) aT a given (PRES. OF 6C) * (MlX.RATn) , (P-aMBIENT) 


pRES, GAS GEN 

PSIA 

3 

300. 

600. 

mIXIURT. RATIO 


a 

.5 

».o 

ambient PMESSI'RE 

2 

0. 

14.7 

pLOl RRI 





2 ■ 1 

2 




0. 

0. 


jOO. 

7,52 

2 1 

2 




0. 

1.23 


jOO. 

8.57 

2 1 

rZ 




0. 

0. 


jOO, 

9,60 

2 1 

2 




0, 

3.00 


|00. 

• 0.47 

2 1 

2 




0, 

0. 


100, 

6.53 

2 1 

2 




0, 

.84 


100. 

7.13 


103 


LOCKHEED MISSILES 8t SPACE COMPANY 



LMSC-A991396 


2 1 

2 




0. 

0. 


jOO. 

8.S6 

2 1 

2 




0, 

.780 


)00, 

9.30 

2 1 

2 




0, 

0. 


100. 

6.42 

2 1 

2 




0. 

.762 


100. 

6.6S 

2 1 

2 




0, 

0. 


|00, 

8.4S 

2 1 

2 




0, 

.Bl 


100 , 

8,70 

DATA TABLE -8 





KK VS PGOflVRtPAnrfPCHP 


S 4 

8 

(HR) HCFERKNCE reactant AT T.I.T, 

■ 2060 DEG R 

EK — CuflVEFSION factor EOR REFCnCNCE REACTANT RR 

(KK) VS (PCT, 

nr.) AT 

A 

given (PRES 

OF GG).(mX»RAT10) 

PRES. GAS GEN PSIA 

3 

300. 

600. 900. 

MlXIUHE RATIO 


2 


1.0 

ambient PHESSUFE 


2 

n. 

IM.7 

PLOl K| 





2 1 

2 




U. 

1 .078 


jOO, 

1.078 

2 1 

•2 





1 .037 


|00. 

1.069 

2 1 

2 




n. 

t .062 


jOO. 

1.062 

2 1 

2 




0, 

1 .U3S 


ICO, 

I.OSS 

2 I 

2 




0, 

1 .087 


|00, 

1 .087 

2 1 

2 




0, 

1 .OS 


|00, 

1.082 

2 1 

2 




0. 

1.067 


100, 

j.067 

2 I 

2 




0, 

1 .0H4 


jOO, 

|.064 

2 1 

2 




0. 

1.09 


jOO. 

1.09 

2 1 

a 




0, 

1 .0S2 


100, 

1 .088 

2 1 

2 




0. 

1 .06U 


100, 

1 .068 

2 1 

2 




0, 

1 .047 


100, 

1.068 

DATA TABLE -9 





OMs ENGINE weight 


3 H 

9 


ADIARATlC wall ENGINE 
EXPAMblUN RATiO FlXtD AT HO. 

reference - AEROJF.T PaRAMETRIC OATA FOR LIQUID BIPROP, ENGINES, 6-a-6‘». 


PC (psia) 1 100 . aso. SOO, 

THRUST (Lb-F) ENG. WOT, <LB-M) 


A I 2 


2U0. 

13.0 

ISOO. 

42,5 

3000. 

77.5 

4SUI). 

1 12.0 

6000. 

147.0 

8000. 

186. S 

6 

1 2 





2U0. 

6.0 

ison. 

21.4 

3000. 

36.8 

4SUU. 

S2.S 

6000. 

67.8 

8000. 

88. S 

6 

1 2 





2UU. 

4.6 

ISCO. 

14.6 

3000. 

21.0 

4SU0. 

34.0 

6000. 

43.7 

8000. 

S7.0 
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DATA TABLE -10 

oils Mkc., sP. inpi.iLsK 3 H »o 

PUriP FtD EfiGn^E 

EXPANSION RATIO FIXED AT HQ. 

REl-F.Hr.MCb - AEROJET PARAHETRIC DATA FOR LIQUID BIPROP, ENGINES, ft-2-69. 


PC (PS 

lA) 

3 IPO. 

230. 300. 



tux lUHK 

9 

1 .0 

RaTI0(0/F)1SP(LBF-SEC/LBM) 
1 ■ 3 

290.0 1.2 

296.2 

i.H 

300, H 

1 .6 

3on,s 

i.fi 

29B.3 

2.0 

296.0 

2.2 

292,0 

2.H 

287,3 

2.6 

282.3 

9 

1 .0 

1 i 

293, S 

1.2 

302,0 

T.H 

308.0 

1 .ft 

309,7 

l.ft 

310,3 

2.0 

308.3 

2.2 

306.0 

2.H 

301.2 

2.6 

299,3 

9 

1 .0 

1 3 

■ 297,0 

1.2 

306,3 

I.H 

312.8 

1 .6 

3|ft,S 

l.fl 

318,0 

2.0 

318.3 

2.2 

llS.fl 

2.H 

310,8 

2.6 

3IH.I 


DATA TABLE -1 1 




HEX HOT gas flow - L02 

3 

a 

II 


heat EXO'AMGEP. I OT gas flow to provide conditioned OXVOF.N . HIGH PRESSURE 


SCALtD from aerojet PRESENTATION DATA OF 1/30/70 




HOT GAS SIDE 


COLO GAS SIDE 

tin 


2000 R 


173 R 

TOUT 


700 R 


AS SHOWN 

PIN 


130-230 PSIA 


PARAMETER 

PIN COLO 

(PSIA) 

^ 230. 

430. 

630. 1200. 

TOUT HOT 

IP) 

2 300. 

1000. 


Tout COLO 

<R) 

3 2C0. 

300. 

400. 

L02 FLOW 

(LB/SEC) 

G.G. FLOW (LB/SECl 0. 

14, 

2 

0 




,00*5928 

0. 





2 0 ■ 

OHU 0. 

2 0 

086H28 0, 

2 0 ■ 

OOS928 0. 

2 0 ■ 

0H8 0. 

2 0 ■ 

08642B 0, 

2 0 ■ 

OOSblH 0. 

P. 0 ■ 

CHSH28 0, 
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2 

0 

C'SIBST 

0 

2' 

0 

00S6I4 

0 

2 

0 

044428 

0 

2 

0 

08I8S7 

0 

2 

0 

004114 

0 

2 

0 

041428 

0 

2 

0 

074S7I 

0 

2 

0 

004114 

0 

2 

0 

041428 

n 

2 

0 

074S7I 

0, 

2 

0 

001714 

0, 

2 

0 

010142 

0, 

2 

0 

0S4I42 

' 0, 

2 

0 

001714 

0, 

2 

0 

010142 

■ 0, 

2 

0 

0S4I42 

0. 


DATA TABLE -12 


Hex hot gas flow - LUZ SB 12 

HEAI EXCHANGF.f: HOT GAS FLOW TO PROVIDE CONDITIONED HYDROGEN - HIGH PRESSURE 
SCALED from aerojet PRESENTATION DATA OF 1/10/70 



HOT 

GAS SIDE 


COLD 

GAS Side 

TIN 


2000 R 



so R 

TOUT 


700 R 


AS 

SHOWN 

PIN 

ISO 

,200 PSIA 


• 2S0,4S0 

1 

IV 

o 

o 

PIN COLD 

(PSIA) 

2 (00. 

1000. 



TOUT HOT 

IR) 

2 son. 

1000. 



Tour COLD 

(R) 

1 200. 

100. 

400. 


LH2 FLOW 

3 

(LB/SEC) G.G. 

□ 

FLOW (LB/SEC) 0. 


14, 


.2SS7I4 0, 

2 0 

.4(1428 0, 

“2 0 ' 

.S9428S 0, 

Z O' 

.2S47I4 0, 

2 O' 

.411426 0, 

‘2 O' 

.S9V28S 0. 

' 2 O' 
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tZSsTm 

0, 







a 

0 






.m mas 

0. 







a 

0 ■ 






.S9V28S 

0, 







a 

0 ■ 






.2S*>7m 

0. 







a 

0 ■ 






. 1)1 mas 

0. 







a 

C ■ 






.59V28S 

0. 






DATA TABLE 

-13 






OAS 

GENtRATOR WEIGHT 

9 

7 

13 



gas 

generator assembly 

WEIGHT AS 

A FUNCTION OF GAS GENERATOR FLOW RATE 



gas 

GENERATOR 

ASSEMBLY 

WEIGHT CONSIDERS 

- 



1. Bipropellant poppet 

valves and actuators 

With 

igniter 



■ ASSEMBLY 

ANO EXCITER BOX ANO 

CABLE. 





2. mixture ratio cf I. 

1 and fuel 

, Inlet temperature of iso r. 


TOUT 

(H) 

2 1000, 

3000. 





PC (PblA) 

S 100. 

200. 

2S0.0 

300. 

0 soo. 

G,0( 

FLOW 

(LB/SEC)G,G. 

A, WEIGHT 

ILB) 





9 

» ■ 1 






0, 


IS. 

2. 

26. 

9. 


38.2 

•>; 


M6. 1 

6. 

S8.6 

7, 


78. 

9.0 


1 17. 

1 1 .0 

161 , 

12. 


179. 


9 

t ' 1 






u, 


■ IS. 

2. 

22.9 

9. 


30,9 

s; 


36, 1 

6. 

92.8 

7. 


S9.9 

?;o 


71, S 

1 |.0 

98. 

12. 


1 10. 


9 

1 1 






0. 


■ IS. 

2. 

20. 1 

9, 


26. S 

•>; 


30.7 

6, 

37. 

7. 


97,6 

9j0 


69.0 

1 1 .0 

89.0 

12. 


9S.0 


9 

1 ‘ 1 






u. 


IS, 

2. 

19.1 

9, 


29. 

•>; 


27. M 

6. 

32.3 

7, 


90.2 

9;o 


ss.s 

1 |.0 

72.0 

12, 


81.0 


9 

1 1 






0, 


■ IS. 

2. 

17.6 

9. 


21.6 

s; 


39.1 

6. 

28. 

7, 


33,9 

9;0 


93. S 

1 1 .0 

S3.0 

12, 


S8.S 


9 

1 1 






u. 


■ IS. 

2. 

26. 

9, 


38.2 

s; 


96, 1 

6. 

S8.6 

7. 


78. 

9;o 


117. 

1 i.o 

161 . 

12. 


179, 


9 

1 ■ 1 






u. 


IS. 

2, 

22.9 

9. 


30.9 

s; 


36. 1 

6. 

92.8 

7. 


S9.9 

9;o 


71. S 

1 1 .0 

98. 

12. 


1 10. 


9 

1 1 






u. 


IS. 

2. 

20.1 

9. 


26, S 

s; 


30.7 

6. 

37. 

7. 


97,6 

9;o 


69.0 

1 1 .0 

84.0 

12. 


9S.0 


9 

1 1 






u. 


■ IS. 

2. 

19.1 

9. 


29, 

•>; 


27.9 

6, 

32.3 

7. 


90.2 

9;o 


SS.S 

1 1 .0 

72.0 

12. 


81.0 
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Vt 

*»♦ 

«».0 


9 


I ^ 

1^. 8. 

2H.7 6. 

It.O 


tT.6 H, II. A 

f,». r, 11.4 

S1.0 12. ■J8.1 


DATA TABLE -14 


uua THM15 ^Er mip WEI6HT 


^ 2 

•**•* mote ***** 


IM 


TtlU OATA is ah APP«OXlllAT!0fl ONLY AMO WILL BE REPLACIO 


Lf FiCIKfiCy 


260. 

ao. 



flPSM 

(psn 


20. 

1. 



HEAD 

RISfc 

<psn 

25. 

50. 



L02 

Fl-OK (Lfa/SEC) PUflR 

CD 





6 

1 1 





U 


5, 

5. 

IS. 

10. 

25. 

20. 


S6, 

30. 

1 10. 

70. 

900. 


6 

1 3 





0. 


5. 

5. 

24. 

in. 

47. 

20. 


122. 

30. 

260. 

70. 

2300 

0 

6 

1 3 

5. 

5. 

15. 

10. 

25. 

20. 


S6. 

30. 

1 10. 

70, 

900. 


6 

1 ■ 3 





0. 


5. 

5, 

24. 

10. 

47. 

20. 


122, 

30. 

260. 

70. 

2300 


6 

13 





0 


s. 

5, 

IS. 

10. 

25, 

20* 


56. 

30. 

I 10. 

70, 

900, 


6 

1 ■ 3 





0. 


S, 

5, 

24. 

10. 

47. 

20. 


122. 

30. 

260. 

70. 

2300 


b 

1 ■ 3 





U 


s. 

5, 

15. 

10. 

25, 

20. 


56. 

30. 

1 10. 

70. 

900, 


6 

1 ‘ 3 





0. 


'5. 

5. 

24. 

10. 

47. 

20. 


122. 

10. 

260. 

70. 

2300 






DATA TABLE -15 

LH2 7RAMS^F.R HUMP WEl&HT 5 2 |>» 

***** note ***** 

THIS data is an approximation only and will be replaced 


tFFiCIEMCY 
NKSm (PSD 
HEAD RISE (PSI) 

LII2 FLOW (LB/SEC) PUflP 
6 13 

U. 5, 

2 60. 

2 0. 

2 5. 

WEIGHT (LB) 

5. 

BO. 

3. 

50. 

9. 

10. 

13.6 

15. 

19,4 

20. 

26.9 

50. 

120. 

0. 

7 13 

5. 

5. 

14, 

10. 

23. 

IS. 

33,2 

20. 

47, 

30. 

80.25 

so.u 

U, 

150,0 

6 1 3 

s. 

5. 

9. 

10. 

13.8 

(5. 

(9.4 

20. 

26,9 

50. 

120. 

u. 

7 13 

'5. 

5, 

14. 

10. 

23. 

l5. 

33.2 

20. 

47. 

30. 

80.25 

So.u 

u. 

150,0 

6 13 

5. 

5. 

9. 

10. 

13.8 
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|S. 

7 

19. M 
1 1 

20. 

26.9 

SO. 

120. 

u. 


■5, 

s. 

14. 

10. 

21. 

sb.u 

6 

iso.o 

13 

20. 

47. 

10. 

80. 2S 

0. 


s. 

S. 

9. 

10. 

11.8 

!^. 

7 

19. H 
11 

20, 

26.9 

so. 

120. 

u. 


■s. 

S. 

14. 

10. 

21. 

IS. 

su.u 


13.2 
1 SO . n 

20. 

47. 

10. 

80. 2S 


DATA TABLE -16 

nOTOR WEIOHT " 1 8 16 

t'OTE - BRUSHLESS 0-C MOTOR WEIGHT INCLUDES 

ELF.rJKONlCS (FIXED SIZE FOR EACH FOUER LEVEL) 

ROTOR 

STATOR 

BEARINGS 

SHAFT 

HOUSINGS 


HORSEPOWER 
SHAFT SPEED (RPli) 
10 1 

S 1. 

MOTOR weight 

6 

s. 

(LB) 

2S. 

100. 200. 

2.0 

«oli 1 .e 


s.o 

tOIS.S 

7.S 

♦01S.78 

io.u 

♦cis;28 


IS.Q 

♦014.8 

20.0 

♦014. S8 

10. u 
100. U 
12 

♦ol4;i<} 
♦014.20 
i ■ 

1 

40.0 

♦014. 2S 

SO.O 

♦014.20 

2.0 

♦0114.2 


S.O 

♦0127.6 

7.S 

♦0126. OS 

IO.U 

♦012S. 1 


IS.O 

♦0124.0 

20.0 

♦0121. S 

)u.u 

♦0122.9 


40.0 

♦0122.4 

SO.O 

♦ 0122. 1 

60. U 

9 

♦0122.0 

1 

6 

80.0 

♦0122,0 

100.0 

♦0122.0 

2. 

♦Oil! 1 . 


S. 

♦0199. S 

10. 

♦0194, 

IS. 

♦0191 . 


20, 

♦0190. 

10. 

♦0188. 6S 

40. 

Q 

♦OiRS. 

1 

li 

SO. 

♦0188. 

100. 

♦0188. 

2. 

1 

♦01209. 

H 

s. 

♦0126S. 

10. 

♦012SS.7 

IS. 

♦012S2.2S 

20. 

♦012S0.7 

10. 

♦012SO, 

40. 

q 

♦012S0, 

c 

SO, 

♦012S0. 

100. 

♦012S0, 

2. 

1 

♦01S02, 

5 

s. 

♦01462. 

10. 

♦01440. 

IS. 

♦oims.^ 

) 

20. 

♦01414. 

10, 

♦01411. 

40. 

♦01412. 


SO. 

♦01412, 

100. 

♦01412. 


DATA TABLE -17 


vAC. JAC.I 

DIA. Vs , weight 

2 

1 


17 


VACUUM Jacket weight as a 

FUNCTION 

OF 

VACUUM 

JACKET DIAMETER 

FOR 

ALUM 1 mm 

hONEYCCIIB. RfeF, 

LI1SC A98I608 

• 



UIAMETF.h 

(INCHES) height 

(LBS) 





IS 

1 1 






'•>.9 

.196 

24.0 


.16S 

10.0 

.iss 

16.0 

.ISO 

42.0 


.160 

48.0 

.170 

6u.n 

,400 

T2.0 


.416 

84.0 

,478 

96.0 

.S20 

106.0 


.S68 

120.0 

.618 

1 12.0 

.660 

(44.0 


.715 

IS6.0 

.762 
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data table -18 

PMI - HYOhOOEN 34 IB 

ENEKfiV UERIVATIVE (PSIA-CU.FT./BTU) FOR HYDROGEN 


(PHI) VS (oENSTY) AT A GIVeN PRESSURE 
(nEHSlxY) s F(PCt. FLUID WlTHORAMNfPF/( ZF*Tn ) 


KRESSUhE 

(PSIA) 

S 200. 

400. 

600. 

BOO. 

KHO (LH/CU. 

FT) PHKPSIA-CUFT/BTU) 




IS 

1 3 





.nfius/ 

2.028 

.09797 

1.923 

.1414 

1.912 

.2 1.1V 

2.494 

.31 1 

3.4IS 

.Ifll 

3.703 

.SI 

1.909 

.6'-,6 

4.017 

1.113 

1.909 

2.29V 

1.971 

1.088 

6.610 

3.S82 

8.1 16 

4.1107 

9.491 

4.10S 

lO.MBO 

4.466 

1 1 .008 

IS 

1 1 





.0fl2S« 

2.168 

.1211 

2.149 

, 160'; 

2.0S3 

.23U4 

1.39V 

.476 

2.933 

.SRO 

1.42S 

.7NU 

1.90S 

1.061 

4.271 

1.403 

4.S22 

2.32V 

S.293 

3.100 

6.817 

3.467 

7.779 

4.U8S 

9.616 

4.349 

I0.4R4 

4.498 

1 1 .040 

IS 

1 1 





.U7V3 

2.122 

.1232 

2. ISO 

. IS7f. 

2.184 

.20 36 

2.143 

.2611 

2.033 

.3221 

1 .944 

.4St)9 

2.099 

.9248 

1.740 

1.3910 

4.479 

2.3077 

5. SI 1 

3,098 

6.87S 

3. SIT 

7.879 

J.V830 

9.117 

4.231 

9.941 

4.4S9 

10.716 

IS 

1 3 




.07*13 

2.03S 

.0988 

2.129 

.1634 

2.193 

,20V0 

2.201 

.260 

2.174 

.3024 

2.123 

.MSI7 

1.971 

.7367 

2.SI9 

I.I7S3 

3,832 

1.8787 

^.9S2 

3. IS46 

7.010 

3,6472 

8.163 

1.9463 

8.944 

•i.1993 

9,696 

4.421 

10.420 

IS 

1 1 





.07*13 

1.911 

.0927 

2.040 

. 1832 

2.197 

.2278 

2.211 

.2789 

2.2IS 

. 3466 

2.174 

,4270 

2.088 

,7493 

2.219 

1.0274 

2.919 

1 .V648 

4.941 

3.1912 

7.044 

3.760'; 

8.332 

4,0147 

9.010 

4.2447 

9.69| 

4.4SIV 

10.363 


data table -19 

temp. Of N2 vs rHO R(P) 3 S 19 

TtnPF.KAllJRE OF CITP.OGEN AS A FUNCTION OF DENSITY AND PFtESSURE. 
r vs RMO AT GIVEN PRESSURE 

RtF - ThRKtlO. PROPS. OF 0?. AHO M2 - PART | (N2)t STEWART, JACDBSEN.NYERSi 
DATED 7-TI-72f UNIV.OF IDAHO, NAS9-I2078 FINAL REPT, 


PhEsSUrE 


4 100. 

300. 

600. 

800. 1000. 

KHO (LR/CU- 

FT) TEIIP 

(OEG-R) 




17 

1 1 





U. 2602V 

'1000, 

0.32440 

800. 

0.37226 

700. 

0.43*19 1 

600. 

C. 42374 

400. 

0.64890 

400. 

0.B9S^6 

300. 

i .0076 

270. 

1.21 764 

230. 

1 .3260/ 

214. 

1 .41267 

204. 

1 .41413 

194. 

1 ,76*17 1 

176.382 

43.64099 

176. 882 

47,0241 1 

160. 

So. 44270 

140. 

41.97474 

130. 



17 

1 ■ 3 





0.77626 

' 1000, 

0.97ISI 

800. 

1 . 1 1244 

700. 

1 .3031 1 

600, 

1 .47740 

400. 

2.0I3J3 

400. 

2.84722 

300, 

3.31994 

2T0. 

4.43380 

230. 

S. 31260 

214. 

4.90023 

209.176 

34.37826 

209.176 

4 1 .23296 

190. 

44.40434 

170. 

49.04794 

140, 

40.64242 

I4C. 

42. 13136 

130. 



IS 

13 
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1 .S3BSM 

1000* 

I.9272S 

800. 

2.21038 

TOO. 


600. 

1.17019 

SCO. 

M.I2RI2 

400. 

6.T2U7<' 

300. 

7.9S007 

270. 

10.36763 

2S0. 

27.9S726 

230. 

37.27237 

210. 

42. I7HS0 

|90. 

M6.06U 1 B 

170. 

H9.40N93 

ISO. 

S2.3SR3I 

130. 

IS 

2.03B8H 

1 3 

1000. 

2.SSS02 

600. 

2.93297 

700. 

1.RSM64 

600. 

R.2m47 

SOO. 

S.S8290 

400. 

V. 04166 

300. 

12.32699 

270. 

I9.3869S 

2S0. 

32.027 

230. 

38.2R876 

210. 

42.72110 

|90. 

46.4OI0S 

170. 

R9. 63097 

ISO. 

S2.S0M66 

130. 

IS 

2.S327/ 

1 ■ 3 

■ 1000. ■ 

3.17989 

800. 

3.64-»l9 

700. 

4.30324 

600. 

S. 29619 

SOO. 

7.06.64 

400. 

12.07741 

300. 

17.61068 

270. 

26.07201 

2S0. 

33.43604 

230. 

39.12311 

210. 

43.21232 

|90. 

46.72206 

170. 

99.8984S 

ISO. 

S2. 64729 

130. 

DATA TABLE -20 

ht.xff.r.coef.-h? 
■OVERALL HEAT TRANSFER 

3 4 

COEFFICIENT 

FOR H2 

20 

ELECTRIC POWERED 

HEX AS A 


function of mass vrlocity amp fluid inlet pressure. 

RtF. AR-Tt-TSIS. 


PhESSURt (PSIA) H m.7 100. SOD, 1000. 

nASVtULB/HH-IIJ) U (BTU/HR-P-SQ. IN) 

I I I 3 


.10 .27 

.30 

.70 


.SO 

.96 

.7S 1.21 

1.00 

1.42 


I.SO 

I.7S 

2.00 1.97 

5.00 3.09 

i 1 1 3 

3.00 

6.00 

2.3S 

3.4S 


4.00 

2.73 

.10 .3S 

.30 

.78 


.SO 

1. 10 

.7S I.3S 

1 .00 

I.S3 


i.sn 

I.8S 

2.00 2.09 

5.00 3.2S 

3.00 

6.00 

2.48 

3.64 


4.00 

2.87 

1113 

.10 .4S 

.30 

.88 


.so 

1.20 

.7S I.4S 

1.00 

I.6S 


I.SO 

1.96 

2.00 2.22 

S.OO 3.42 

II 1 3 

3.00 

6.00 

2.61 

3.62 


4.00 

3.04 

.1(1 ‘ .SO 

.30 

.99 


.so 

1.30 

.7S I.SS 

1.00 

1.76 


I.SO 

2.08 

2.00 2.34 

5.00 3.6S 

3.00 

6.00 

2.78 

4.09 


4.00 

3.22 

DATA TABLE -21 

MT.XFER.CUEF.-02-M2 

1 4 


21 



OVERALL HEAT TRANSFER 

COEFFICIENTS 

FOR 02 

AND 

N2 ELECTRIC 

POWERED 

AS A function OF MASS 

VELOCITY AND 

FLUID 

INLET 

PRESSURE. 


RtF. AR 7I-7S3S 

PHtSSURt (PSiA) 4 14.7 

MASVEL(LB/HK-1N) U ( BTU/HR-R-SQ. IN) 
IS 13 

100. 


SOO. 1000. 

.2 .13 

.4 

.17 


.6 

.I9S 

.8 .22 

1.0 

.24 


1.4 

.27 

2.0 .31 

4.0 

.40 


6.0 

.49 

B.O .S7 

12.0 

.76 


16.0 

.93S 

20. I.l 

2S. 

1.31 


30. 

I.S3 

IS 13 
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.2 

.m 

.R 


.18 


.6 

.20S 

.8 

.22S 

1.0 


.24S 


1.4 

.28S 

2.0 

.31 

<4.0 


.42 


6.0 

.SI 

U.O 

.S9S 

12.0 


.78 


16.0 

.96 

2U. 

i.m 

2S. 


I.3S 


30, 

1 ,S7 

IS 

1 ■ 3 







.2 

.I7S 

.H 


.22 


.6 

,2SS 

.8 

.27 

1.0 


.30 


1 .4 

.34 

2.0 

.38 

H.O 


.49S 


6.0 

.60 

B.n 

.700 

12.0 


.92 


16.0 

1.14 

2U. 

1 .3S 

2S. 


I.6IS 


30. 

1.88 

IS 

1 3 







.2 

.26 

.4 


.31 


.6 

.36 

.H 

.39 

1.0 


.42 


1.4 

.47 

2.0 

.S2 

4.0 


.67 


6.0 

.82 

B.O 

.96 

12.0 


1 .2SS 


16.0 

I.S6 

2U. 

1 .63S 

2S. 


2. |9S 


30. 

2.SSS 

DATA TABLE 

-22 







fTO OF 32I/3M7 ST. STEEL 

2 

3 


22 



effect of 

TenPEFATURF ON 

the tensile 

STRENGTH 

OF 

321/347 

STAINLESS STEEL 

KEF, sr,c,« 

i-LMSC A98I6U8, 

PAGE 8,. 

1.1-8 





TEMKERATUHE (R) UlT.STRENCTH 

(PSD 





m 

1 2 







36.7 

‘ 266S00. 

S9.7 


2SI000. 


IS9.7 

207000. 

2SV.7 

173000. 

3S9.7 


143000. 


4S9.7 

121000. 

SSS.7 

ioeooo. 

6S9.7 


91000. 


8S9.7 

7S000. 

I0S3.7 

Toooo; 

I2S9.7 


66000, 


I4S9.7 

63000, 

I6SV.7 

sooco; 

I8S9.7 


32000. 




DATA table 

-23 







FTU OF 22!<}-t87 ALUM. 

2 

3 


23 



effect of 

TEMPERATURE ON 

the tensile 

STRENGTH 

OF 

22I9-T87 

ALUMINUM 

KEF. SEC.b 

-LMSC A98I608, 

PAGE 8, 

1.1-8 





TEMKERATUHE (R) UlT. STRENOTH 

(PSD 





16 ■ 

1 2 







36.7 

‘^^000. 

100.0 


82400. 


ISO.O 

76000. 

2U0.0 

72000. 

2SC.0 


68S00. 


300,0 

67800. 

3SU.0 

67000. 

400.0 


66300. 


4S0.0 

6S000, 

4ou.n 

63800. 

ssb.o 


62000. 


600.0 

60000. 

6SU. 

ssoooi 

8S9.7 


38400, 


I0S9.7 

16600. 

I2SS.7 

6R00, 







DATA table 

-24 







FTU OF 606I-T6 ALUMIMUM 

2 

3 


24 



effect OF 

tempefature on 

THE TENSILE 

STRENGTH 

OF 

606I-T6 

ALUMINUM ALLOY 

KLF. MIL hANDBOOK -S 







tempErAtukE (r) ult. strength 

(PSD 





13 ■ 

1 3 







36.7 

638R0. 

iOO.O 


S7330. 


ISO.O 

S3340. 

200.0 

S 06 jo. 

290.0 


48384. 


300.0 

46830. 

3S0.0 

MS696. 

400.0 


44940. 


4S0.0 

43848. 

soo.o 

928RO. 

ssc.o 


41496, 


600,0 

40(92. 


6SU.C 38‘’,56; 
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DATA TABLE -25 

FTU OF INCONEU-718 21 2S 

EFFtCT OF TEMPEPATUHE ON THE TENSILE STRENGTH OF INCONEL-71 8 

REF. nil. MANOBOOK -S. 


TEriPERATUhE (R) UlT. STRENGTH (PSD 


11 

1 1 







16.7 

' 219600. 


I0C*0 

213660. 


IS0*0 

210240. 

200*0 

206100* 


2S0.0 

201240. 


100.0 

196200. 

ISu.o 

|91I40; 


400*0 

189000* 


4S0.0 

IBS400. 

■>00.0 

182160. 


SS0*0 

179460. 


600*0 

177100, 

6SU.0 

|7smo. 







DATA TABLE 

-26 







FTU Oh U- 

6AL-4V 


2 1 


26 



EFFtCT OF 

temperature 

ON 

THE TENSILE 

STRENGTH 

OF 

titanium 

TI-6AL-4V 

REF. niL mANOHCOK -■>. 







TEMhErATUhE (R) ULT. 

strength (PSD 





11 ' 

1 1 







16.7 

20E120. 


IOC* 

261600. 


ISO* 

244480. 

200. n 

226B80. 


2S0* 

212800. 


100* 

200960. 

iso.n 

190720. 


40C* 

181280. 


4S0* 

171120. 

■>00.0 

I6S280. 


ssc* 

IS8720. 


600. 

IS4240. 

6S0.0 

i4S600; 







DATA TABLE 

-27 







head COEFHCIEMT vs’ IIS 


2 ■* 


27 



hf.au coef, vs ns 

(SPEC. SPEED) 





HEAO COEF 








IS 

i 2 







70, 

.66S 


80* 

.660 


90, 

,6SS 

100, 

*6S 


200. 

.619 


400, 

,619 

600, 

.60 


1000* 

.S7I 


2000* 

,S|8 

1000. 

.■♦72 


SOOO* 

.400 


6000* 

,161 

7000, 

.121 


6000. 

.281 


9800. 

,192 

DATA TABLE 

-28 







ADIABATIC 

EFF, VS NS 


2 1 


28 



ADIABATIC EFFICIENCY 

VS Ns (SPEC, 

SPEED) 




ADIAB. EF> 








20 

1 2 







70, 

,00 


80. 

.01 


90. 

.06 

100, 

,08 


127. 

.20 


200. 

.10 

2S0, 

.17 


100. 

.44 


ISO, 

.SOS 

son. 

*sss 


soo. 

.61S 


600, 

,69S 

7 00, 

,74 


800 , 

.77 


1000. 

*8| 

ISOO, 

,84S 


2000, 

.86 


1000. 

,R7S 

Soon; 

.887 


10000. 

.891 
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DATA TABLE -29 

KFFiC. UUOT.VS IMF, DIAM 21 29 

EFFICIENCY gUOTIENT Vs IMPELLER DIAMETER 
EFF. QllOT. 


21 I 2 


.05 

.0 

.20 

.10 


.10 

.42 

.MO 

.515 

.50 

.60 


.70 

.695 

.90 

.755 

1 .20 

.82 


1 .60 

.88 

2.00 

.918 

2.40 

.9M5 


1.20 

.975 

M.OO 

.985 

5.0 

.988 


6.0 

.991 

Y.O 

.99M 

8.0 

.997 


9.0 

.999 

10.0 

,9995 

1 1.0 

.9999 


12,0 

1 .000 

DATA TABLE -30 






BASt LINE STAGE WT VS DI 

2 1 


10 



base line 

STAGE WEIGHT VS INrELLER DIAMETER 



STAGE WT. 







■ 12 1 

2 






.56 

.50 

.70 

.415 


.90 

.44 

1 . 10 

,48 

1.50 

.61 


2.0 

1.02 

2.50 

1 ;72 

1.5 

1.8 


5.0 

9.0 

6.00 

11.80 

7.0 

20.0 


9.0 

16.2 

DATA TABLE -31 







saturated STEAM. T.VS P. 

2 

3 

11 



saturated Water vapor » 

saturation 

PRESSURE 

AND 

TEMPERATURE 

TABLE GIVING 

temperature 

AS A function OF PRESSURE. 




PSAIWV (PSIA) TSATWV 

(OEG.r) 





' 21 ■ 1 

2 






.0R85M 

M92.0 

.12170 

500.0 


.20 

511,14 

.MO 

512.86 

.60 

545.21 


.80 

554,18 

1 .0 

561.74 

2.0 

586.08 


4.0 

612,97 

7.5 

639.94 

10.0 

653.21 


14.696 

672,00 

30. U 

710.33 

50.0 

741.01 


60.0 

752,71 

6o.o 

772.03 

ino.o 

787,81 


150.0 

818.42 

200.0 

841.79 

ino.o 

877.33 


400.0 

909,59 


DATA TABLE -32 

SP.MT. OF 0-H cone, PROD, 1 1 12 

0/F RATIO FHOU SP.HT, of oxygen and hydrogen combustion PRODUCTS AS A FUNCTION 

OF lEMPLRATURE - FOR CONSTANT PRESSURE, 


TEnP. 

OPRAt 

12 

- ueg.r 

(RATIO) CPBAR 

1 1 

4 7C0. 
(BTO/LB-R) 

1500. 

2500. 

1500, 

U.5U 

2.115 

1.00 

1.755 

1.50 

1 .420 

2;ou 

1 ; !91 

2.50 

1.015 

1.00 

0.915 

i;su 

0;S2M 

4.0C 

0.748 

5.00 

0.617 

6;uu 
■ 12 

n;556 
1 1 

7,00 

0.495 

8.00 

0,442 

0.5U 

‘2.420 

I.OC 

I.8M5 

1.50 

1.705 

2;ou 

1.270 

2.50 

1.098 

1.00 

0.980 

lisu 

0,892 

4. 00 

0.817 

5.00 

0,701 

6;0U 

o;626 

7.00 

0.561 

8.00 

0.512 
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12 

1 3 





OtSu 

'2.S8S 

1.00 

1 .999 

I.SO 

1.638 

2;ou 

1 ;39fl 

2. SO 

1.217 

3.00 

1.090 

3iSu 

o;99s 

u.oo 

0.918 

S.OO 

0.798 

6>0U 

0;7I7 

7.00 

0.6S8 

8.00 

0.608 

12 

1 ■ 3 





U.SU 

2.8C5 

1.00 

2.I8S 

I.SO 

I.79S 

2.UU 

1 .SMO 

2. SO 

I.3S3 

3.00 

1.207 

3iSU 

1.102 

^.00 

1.023 

S.OO 

0.898 

6;ou 

0.810 

7,00 

0.7SB 

8.00 

0.710 


DATA TABLE -33 

OXYOEN INiErNAL energy 32 33 


OXYC.EN INiErNAI. EIJErGY 

AS A FUNCTION 

OF VApOR 

pressure ALONG 

isochores 

OENbITY (LB/CU FT) 

5 40. 

SO. 

60. 65. 

70, 

VAPOH PKEbS" (PSIA)INT.ENERGY{BTU/LO) 




16 

1 2 





1 . 

-7I.S76 

3. 

—66 .661 

5. 

-63.982 

lu. 

-S9.82H 

20. 

•S4.90I 

40. 

-48,963 

6U. 

-44.881 

80 . 

-41 .650 

ion. 

-38.920 

2SU. 

-26.086 

400. 

-16.568 

650. 

-4.123 

1 1 OU. 

-0.169 

1400. 

4.SI6 

2000. 

S.423 

2bOU. 

9.971 





14 

1 2 





1 . 

■ -7I.S96 

3. 

-66.716 

5. 

-64.068 

lu. 

-S9.982 


-56.820 

20. 

-SS.I89 

. HU. 

-49.484 

60* 

-45.617 

70. 

•44.02S 

lOU, 

-43.469 

5S0. 

-42.716 

1200. 

-4I.72S 

ifiou. 

-40.664 

3000. 

-38.575 



14 

1 ■ 2 





1 . 

■ -7I.S94 

3. 

-66.709 

5. 

-64.0S6 

lU. 

-S9.96I 

1 6. 

-56,789 

20. 

-SS.IS0 

4U. 

-49. HIS 

60. 

-45.518 

80. 

•42.462 

1 Ou. 

-39.901 

2S0. 

-33.400 

650. 

-32.411 

ISOU. 

-31 .CSO 

2600. 

-28.379 



17 

1 2 





1 . 

■ -71 .586 

3. 

-66.690 

5. 

-64,027 

1 u. 

-S9.906 

1 6 . 

-56.706 

20. 

-ss.nso 

4U. 

-49.234 

60. 

-45.264 

80. 

-42.137 

tou. 

-39.S09 

2S0. 

-27.382 

400. 

-18,507 

7ou. 

-IS. 264 

1 100. 

-13.829 

1400. 

-12.766 

200U. 

1 1 

1 . 

-10.666 

2600. 

-8.579 



1 2 
■ -7I.S99 

3. 

-66.722 

5. 

-64,078 

lu. 

-60.000 

16. 

-56.847 

20. 

-55,222 

HU. 

-54.360 

200. 

-54.345 

1000. 

-53,411 

ISOU. 

-S2.7I4 

2600. 

-51.198 



DATA TABLE 

-34 





HYDkOGEM 

IHtErNAL energy 3 

2 

34 


HYDkOGEN 

internal energy as a function of VAPOR Pressure along isochores 

OEMbITY 

(LB/CU FT) 

5 .5 

1.0 

3.0 4.0 

4.4 

VAPUH PREbS' (PSIA)INT 

ENERGY(BTU/LB) 



21 

1 2 





1 .022 

-130. 4SS 

3.00 

-120.531 

7.00 

-106.738 

12. S 

-69,46 

2S. 

-64.31 

37.5 

-40,23 

SO. 

-18.76 

62. S 

2.34 

7S. 

22.11 

87. ■> 

41.32 

92.3 

49, 

100. 

53, 

1 12. S 

S9.5 

i?.s. 

65. 9 

137. S 

72.2 

ISO. 

78,8 

162. S 

85. 1 

I7S. 

91.8 

187. S 

98. 1 

200. 

104.6 

soo. 

259,4 

80u. 

580.662 

mod. 

768.689 
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1 2 





1 .0E2 

-111.786 

1.0 

-124.041 

7.0 

-1 14.008 

12. •> 

-ma.97 

as. 

.8S.46 

17.S 

-70.77 

SO. 

-S7,i|8 

62. S 

-4S.I6 

7S. 

-11. S2 

HT.S 

-22.M7 

mo. 

-M.8S 

112. S 

-1. 

I2S. 

9.47 

117. S 

19.48 

ISO. 

10.07 

iss.i 

14. 1 

162. S 

16.1 

I7S. 

19.6 

187. S 

42.9 

200. 

46. 1 

240. 

S7.0 

SOU. 

119.461 

800. 

197. 9S7 

1000. 

271. 72S 

2N 

1 ■ 2 ■ 





1.022 

-112.672 

1.0 

-126. 18S 

7.0 

-1 I8.8SS 

12. *> 

-111.66 

2S. 

-100. 16 

17. S 

-91.4 

So. 

-81,81 

62. S 

-77.12 

7S. 

-70.92 

87. s 

-6S.I 

mo. 

-S9.S8 

II2.S 

-S4.il 

I2S. 

-49i21 

117. s 

•44.28 

ISO. 

-19,48 

isi .7 

-19 , 

162. S 

-18.1 

I7S. 

-17,9 

187. S 

-17; 1 

200. 

—16 • 1 

240. 

-14.2 

Sou, 

-20.8S8 

800. 

-6.112 

1000. 

2.862 

11 

1 2 





1 .0 

■-I12.784 

S.O 

-122.649 

10.0 

-1 IS. 617 

2U.0 

-106. ISI 

10,0 

-98.897 

40.0 

-92,691 

, sy.o 

-87.149 

100.0 

-as. 024 

200.0 

-81.497 

ISO, 

-78.S72 

SCO. 

-76.946 

800. 

-67.869 

lUOU, 

-62.404 





I1 

1 2 





1 .0 

-112.811 

1.0 

-126. 7S7 

S.O 

-122,774 

7,0 

.1 19.626 

10.0 

-MS. 819 

IS.O 

-110.611 

1S,0 

-109.612 

lOC.O 

-108.846 

200.0 

-ms, 896 

1SU. 

-102.146 

soo. 

-99.711 

800. 

-91,689 

lOUU, 

-89.091 






DATA TABLE -35 

UXYOEN INiErNAL EMErGV 11 IS 

oxygen INIERMaL emehgy as a function of vapor pressure along isochores 

FOR LOW DtNSITlES 


density (LP/Cl) FT) 

S .1 

.1 

1.0 20. 

40 

VAPOR PRESS 

(PSIAjINT 

.ENERGY (BTU /LB) 




S 1 

2 





1 .0 

-SO, 114 

S. 

21. lOS 

10. 

46.217 

14.696 

68.129 

20. 

91,279 



8 1 

2 





1 .0 

-64,464 

S. 

-14.28S 

10. 

-S.199 

14.696 

18. TBS 

20. 

10.918 

10. 

46.280 

4U. 

61 ,6S9 

SO. 

77.29S 



1 1 1 

2 





1.0 

“70.286 

S.O 

-S8.S96 

10.0 

-49.9S1 

14.696 

-41,418 

20.0 

-16.927 

10.0 

-26. !2S 

4U.0 

-16.442 

SO.O 

-7.469 

60.0 

,999 

7U.0 

9.082 

80.0 

I6.6S8 

90.0 

24.182 

lOu.O 

29.474 





IH 1 

2 





1 . 

-7I.S22 

1. 

•66. SIS 

s. 

-61.7S7 

lu. 

-S9.4I1 

16. 

-SS.96S 

20. 

-S4.IS2 

4U. 

-47,606 

60. 

-42.970 

60. 

-19.212 

1 OU. 

-IS. 978 

2S0. 

-19.604 

400. 

-6.87S 

Sou. 

o.sss 

700. 

16.127 

1 too. 

22.614 

l4ou. 

29.610 

2000. 

40.061 

2600. 

49.817 

"16 1 

2 





1 , 

-7I.S76 

1. 

-66.661 

S. 

-61,982 

lu. 

.-S9.824 

20. 

-S4.90I 

40. 

-48.961 

6U. 

-44.881 

80. 

-41 .6S0 

100. 

-18.920 

24U. 

-26.086 

400. 

-I6.S68 

6S0. 

-4,121 

1 lou. 

-0.169 

1400. 

4.SI6 

2000. 

S.421 

26ou. 

9,971 
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DATA TABLE -36 

oxYCitN vapor Pressure 12 16 


OXY 6 EH VAPOR PRESSURE AS A FUNCTION OF INTERNAL ENERGY ALONG ISOCHORES 
density (LB/Cu FT) S MO. SO. 60. 6 S. TO. 

lf)T, ENERGY (BTU/UB) VAPOR PRESS (PSJA) 



1 2 





-Tt ,S76 

1 . 

-66.66 1 

1. 

-61.98;; 

S. 

-SV.8E4 

10. 

-SM.901 

20. 

•M8.96) 

MO. 

-MH.8BI 

60. 

-MI.6S0 

80. 

-18.920 

too. 

-ao.oRb 

2S0. 

-I6.S68 

MOU. 

-M.I21 

6S0. 

-0. 16V 

1 too. 

M.SI6 

IMOO. 

S.M21 

2000. 

V.97T 

2600, 





17 

12 





-7l .Sfl6 

■ 1. 

-66.690 

1. 

-6M.027 

s. 

-SV.VOb 

10. 

-S6.706 

16. 

-ss.osn 

20. 

-MV.2T4 

40. 

-MS.26M 

60. 

-M2. 117 

80. 

-TV.S09 

100. 

-27.182 

2S0. 

-I8.S07 

MOO. 

-IS. 264 

700. 

-11.829 

1100. 

-12.766 

IMOO. 

-1 U.666 

2000. 

-8.S79 

2600. 



14 

12 





-7l .S94 

1. 

-66.709 

1. 

-6M.0S6 

S. 

-SV.96I 

10. 

-S6.7B9 

16. 

-SS.IS3 

20. 

-MV. 4 IS 

MO, 

-MS. SIS 

60. 

-M2.M62 

80, 

-TV, 901 

ino. 

-11, MOO 

2S0. 

-12. Ml 1 

6S0. 

-11 .ClSU 

ISOO. 

-26.179 

2600. 



14 

12 





-7 1 ,S96 

1. 

-66.716 

1. 

-6M.06B 

S, 

-SV.9B2 

iC. 

-S6.820 

16. 

-SS. IB9 

20. 

-4V.4B4 

MO. 

-MS. 617 

60. 

-MM.02S 

70, 

-M 1.46V 

100. 

-M2. 716 

SSO. 

-MI.72S 

1200. 

-40,664 

IfiOQ. 

-18.S7S 

1000. 



1 1 

12 





-7l ,S99 

1. 

-66.722 

1. 

-6M,07B 

S. 

-60,000 

10. 

-S6.8M7 

16, 

-SS.222 

20. 

-S4.160 

MO, 

-SM.1MS 

200. 

-SI. Mil 

1000. 

-S2.7I7 

ISOO. 

-SI. 198 

2600. 

. . 


DATA TABLE 

-37 





HYOkOOEN 

vapor Pressure 

1 

2 

17 


hydrogen 

VAPOR PRESSURE 

AS A function of Internal energy 

along isochores 

DENSITY 

(LB/Cn FT) 

s .s 

1.0 

1.0 ^ 

1.0 M.M 

If.T energy(btu/ud)vapor 

PRESS (PSIA) 



<n 

1 2 





-I1U.4SS 

1.022 

-120. S1l 

1.0 

-106.718 

7.0 

-B9.46 

12. S 

-6M.1I 

2S. 

-MO. 21 

17. S 

-l«,76 

SO, 

2.1M 

62. S 

22. M 

7S, 

4l. 12 

87, S 

M9. 

92.1 

SI, 

100. 

S9.S 

1 12, S 

6S.9 

I2S. 

72.2 

117. S 

76. B 

ISO, 

as. 1 

162. S 

91.8 

I7S. 

96.1 

167, S 

I0M.6 

200. 

2S9.M 

SOO, 

SBU.662 

800. 

768.689 

1000. 



24 

1 2 





-111.786 

1.022 

-I2M.0M1 

1.0 

-1 IM.008 

7.0 

-102.97 

12. S 

-8S.M8 

2S. 

-70.77 

17. S 

-S7.48 

SO. 

-MS, 16 

62. S 

-11. S2 

7S. 

-22.47 

87. S 

-1 1 .S8 

100. 

- r. 

112. S 

9.4/ 

I2S. 

19. M8 

117. S 

10.07 

ISO. 

1M. 1 

ISS.I 

16, 1 

162. S 

19.6 

I7S. 

m2, V 

187. S 

M6. 1 

200. 

S7, 

2M0. 

1 I9,M6I 

SOO. 

197. 9S7 

800. 

271 .72S 

1000. 
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2H I 2 


-132,672 

1,022 

-126,385 

3, 

-118.855 

7.0 

-1 n .6 

(2,S 

•100,16 

25, 

-91.4 

37.5 

-83, H3 

50, 

-77,12 

^ 62,5 

-70.92 

75. 

-oS.I 

87, S 

-59,58 

100. 

-54,31 

1 12.5 

-‘♦9.23 

I2S, 

-44;28 

137.5 

-39.48 

ISO. 

-39, 

I5i;7 

-38,3 

162.5 

-37.9 

175. 

-37,1 

187, S 

-36,3 

200. 

-34.2 

240. 

-2u,BS8 

500, 

-6,132 

800. 

2.862 

1000. 

1 3 

i 2 





-132,704 

1, 

-122,649 

5. 

-1 15.617 

10. 

-106, iS3 

20, 

-93,897 

30. 

-92.691 

40, 

-8^,349 

50, 

-S';, 024 

100. 

-83.497 

200, 

-70.S72 

350, 

-76,946 

soo. 

-67.869 

800. 

-62,404 

1000, 





(3 

1 2 





-132,813 

1. 

-1 26.757 

3. 

-122.774 

5. 

-119,626 

7. 

-1 1*). 839 

10. 

-110,611 

15. 

-109,632 

35. 

-108.846 

100, 

-105.896 

200. 

-(02,346 

350. 

-99.731 

500. 

-93.689 

800. 

^89,093 

1000, 






DATA TABLE -38 

oxYotn vapor Pr.tssURC i i 18 

OXrotN VAPOR PRESSOHt: AS A FUflCTION OF INTERNAL ENERGY ALONG ISOCHORES 
►OR LOW DfcNSiTIES 


(JEMS.ITY 

IHT,KNERGV(BTII/LE) VAPOR 
5 ( 2 

5 .1 

PRESS (PSIA) 

.4 

1.6 20. 

1 

-SO, (14 
68,(29 
8 

1.0 

14.696 
( 2 

23.105 

93.279 

5.0 

20.0 

46.217 

10. 

-64,464 

1 .0 

-14.285 

5.0 

-5,399 

10. 

18.785 
6( .657 
11 

14,696 
40.0 
1 2 

30.938 

77.295 

20.0 

50.0 

46.280 

30. 

-7(J,286 

1.0 

-58.596 

5,0 

-49,953 

10.0 

-41.4|b 

14.696 

-36.927 

20.0 

-26,125 

30,0 

-16.442 

40,0 

-7.469 

50.0 

,999 

60.0 

9.082 

29,474 

(8 

70.0 

(00.0 

12 

16.858 

80.0 

24.382 

90.0 

-7( ,522 

1. 

-66.518 

3. 

-63,757 

5, 

-59,4(1 

10. 

-55.965 

(6. 

-54.(52 

20. 

-47.608 

40. 

-42.970 

60. 

-39,2|.» 

80. 

-35.978 

(00, 

-(9.604 

250. 

-6. 875 

400, 

U.555 

500. 

16.(27 

700. 

22.634 

MOO. 

29.610 

(6‘ 

I40C. 

1 2 

40.081 

2000. 

49. BIT 

2600. 

-7( ,576 

( . 

—66 . 66 ( 

3. 

-63.98;> 

5, 

-59.824 

10. 

-54.901 

20. 

-48,963 

40, 

-44,HB( 

60. 

-41.650 

SO. 

-38.920 

100. 

— 26 , 086 

250. 

— 16.568 

400. 

-4.(23 

650. 

-0,(69 

9.973 

1 (00. 
2600. 

4.5(6 ■ 

1400. 

5.423 

2000. 


118 


LOCKHEED MISSILES 8e SPACE COMPANY 



LMSC-A991396 


DATA TABLE -39 


tUTHALPY OF L02 22 19 


tMTHALpY OF saturated 

liquid oxygen 

- REF. 

NBS TN 184 » 

7/1/71. 

P5AI (PblA) 

H SUB L (BTU/LB) 




21 1 

1 






-71.S99 

1.102 

-7 1 .‘208 

5.061 

-64.007 

lu.nov 

->59,977 

20.200 

-55.096 

40.414 

-49.110 

62.194 

-95.091 

85.011 

-41.650 

105.755 

-19.018 

ISY.926 

-31.588 

201 .664 

-29.809 

251.498 

-25.852 

114.262 

-21,640 

148.270 

-19.427 

404.159 

-15.917 

466.11 V 

-12.166 

51 1 .521 

-9.411 

559.965 

-6.418 

6l 1 .917 

-1.028 

650.000 

-0.251 

700.000 

4.414 

DATA TABLE -40 






EfiT^ALPY OF 

LH2 

2 

0 c 

40 


PSAI 

H 

SUB L 




10 

1 1 





10. U 

'-115,02 

20.0 

-105.06 

10.0 

-97.12 

40.0 

-90.61 

50.0 

-64.51 

60.0 

-78.80 

70. 0 

-71,15 

80.0 

*68 • 06 

90.0 

-62.06 

100. 0 

-57.71 






DATA TABLE -41 


ENTHALPY 

OF HELIUC 

3 

1 


41 


enthalpy 

OF helium as 

A FUNCTION 

OF 

VAPOR PRESSURE ALONG 

CONSTANT 

TEMPEHATUHE. REF, NBS 

REPORT 9762»AUG, (970 



TEMPEHATUhE' (R) 

5 10. 


100. 

200. 

400. 

VAPOR PRESS (PSIA) ENTHALPY (BTU/LB) 
12 1 2 
U.OI 41,51 1. 

41.51 

10. 

41,29 

20. 

41.06 

10. 


42.82 

40. 

42,59 

50. 

42,16 

60. 


42.11 

70. 

41.90 

80. 

41,67 

90. 


41.45 

100. 

41.21 

12 

0.01 

1 ■ 2 
(10.16 

1. 


110.18 

to. 

110.41 

20. 

110.44 

10. 


110.47 

40. 

110,51 

50. 

(10,54 

60. 


110.57 

70. 

110,60 

80 . 

lie. 61 

90. 


110.66 

100. 

110.69 

12 

o.ni 

1 ■ 2 
254.44 

1. 


254,45 

10. 

254,51 

20. 

254.61 

10. 


254.69 

40. 

254.76 

50. 

254.84 

60. 


254.92 

70. 

255,00 

bo. 

255.08 

90. 


255.16 

100. 

255.24 

12 

0.01 

1 2 
■ 502.58 

1. 


502.59 

10. 

502.68 

20. 

502.77 

10. 


502.87 

40. 

502,96 

50. 

S01.C6 

60. 


501.16 

70. 

501,25 

80. 

501.15 

9C, 


501.44 

100. 

501.54 

12 

U.OI 

1 2 
■ 750.71 

1 . 


750,72 

10. 

750,81 

20. 

750.91 

10. 


751.01 

40. 

750. 1 1 

50. 

750.20 

60. 


751.10 

70, 

751,40 

80. 

751.50 

90. 


751.60 

too. 

751,69 
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DATA TABLE -42 

OXYOtM tNiHALFY (GAS) 1 3 M2 

tNTMALPY OF OXYGF.U GAS AS A FUHCTION OF VAPOR PRESSURE FOR SPECIFIED 
UtNSlTItS. RF.F. NBS-TN-18MtJULY 1971 AND NBS OXYGEN COMPUTER PROGRAMe 


density 

(UB/CII FT) s 

.2S 

.60 

1.0 1.6 

2.0 

VAPOR PRESS' (PSIA)ENTHALPY 

(BTU/LB) 




s 

1 2 





14.696 

16.146 

20>0 

SI.86S 

10.0 

77.698 

40. n 

101.917 

SO.O 

I29.21S 



6 

1 ‘ 2 





14.696 

■ -I4.9S8 

20.0 

0.4SO 

10.0 

27.109 

40 . 1 ) 

41.411 

SO.O 

S4.17) 

60.0 

61.611 

9 

1 2 





14.696 

■ -12.084 

20.0 

-21.990 

10.0 

-4.666 

40.0 

11.291 

SC.O 

26.160 

60.0 

40.4S1 

70.0 

4^.781 

8C.0 

S2. 171 

100.0 

6S.269 

9 

1 2 





14.696 

■ -41.717 

20.0 

-14.612 

10.0 

-22.6S1 

40.0 

-1 1.812 

SO.O 

•1.682 

60.0 

7.941 

70.0 

17.181 

80. 0 

26. 1 16 

100.0 

41.214 

9 

1 2 





14.696 

■ -44.928 

20. 0 

-18.B20 

10.0 

-28.649 

40.0 

-I9.«5I1 

SO.O 

-1 1.029 

60.0 

-1.004 

7o.o 

4.671 

80.0 

12.076 

100.0 

26.241 

DATA TABLE -43 





HYDhOGF.N 

enthalpy (GAs) 

1 

1 

41 


enthalpy 

OF HYDROGEN GAS AS A FUNCTION OF VAPOR PRESSURE FOR 

SPECIFIED 

densities, ref-nos report 

9288 AND 

971 1. 



density 

(I.B/CU FT) S 

.OS 

.20 

• 

o 

• 

o 

2.0 


VAPOR PRESS (PSIA)EMTHALPY (BTU/LB) 


lu 

1 2 





lU.O 

91.266 

20.0 

IBS. 4 

10.0 

281.128 

4U.U 

180.721 

SC.O 

49S.624 

60.0 

619.810 

7U.0 

747.701 

80.0 

880. SIO 

90.0 

1022. S9S 

lOU.O 

1 162.921 




10 

1 2 ■ 


■ 



IS.U 

14.000 

20.0 

MS. 212 

10.0 

S7.007 

40.0 

92.8S2 

SO.O 

1 IS. OSS 

60.0 

118.126 

7u.O 

161.610 

80.0 

181.764 

90.0 

207.222 

1 OU.O 

210.212 




■ 10 

12 





IS.O 

-80.641 

20.0 

-74.984 

10.0 

-41.292 

4U.0 

-20.679 

SC.O 

.944 

60.0 

20.9S2 

7U.0 

40.1S6 

80.0 

S9.747 

90.0 

78.699 

lou.n 

90.140 





10 

1 2 





IS.O 

■ -97.191 

20. 

-89.093 

10. 

-74.271 

40.0 

-60.771 

SC. 

-48. 1 87 

60. 

-16.S42 

70. 0 

-2S.279 

ec;. 

-14.124 

90. 

-1.629 

1 OO.O 

6.811 





10 

1 2 





IS. 

■-I0S.468 

20. 

-99.849 

10. 

-89.764 

40. 

-80.817 

so. 

-72.7S1 

60. 

-6S.289 

70. 

-S8.C97 

80. 

-SI .160 

90. 

-44.792 

100. 

-18.189 
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DATA TABLE -44 


beta factor 


2 

■ correction 

FACTOR FOR 

phitwo in 

LXCHAhOtR. 

BETA IS A 

function 

RtF, AH 71 

- 7 S 1 S. 


e over pc 

BETA 


12 1 

2 


.01 

.33 

, 1 

.20 

. 3 S 

.40 

.80 

.48 

1.0 

t .8 

.S 2 

2.2 


M M4 

H2-02-N2 electric POWKRER HEAT 
OF CRITICAL PRESSURE RATIO, 


.31 .12 

.39 .60 

.S2 l.*< 

.S2 2.6 


.33 

.MV 

.S2 

.S2 


DATA TABLE -45 

SIGma-OLLiAP for IIEXELC 3 M MS 

PKtSf.rtTb SIGI'.A-DELTAP AS A FUNCTXOM OF HASS VELOCITY AND HEAT 
EXChAMGtR LLf.GTU, 

HbF. AH 7I-7S3S. 


HtX-l.ENGTII 

(IM) S 

4. 

8. 

16. 

32. 1 

nASvEl.(LR/HR- 

IN) SIG-OELTAP (PSD 




IS 1 

3 





.10 

.000032 

.20 

.DOOM 

.40 

.00042 

.6(1 

,00094 

.60 

.00I6S 

1 .00 

.002S 

2.(10 

,00‘»S 

4.00 

.0360 

6.00 

.07S 

8.00 

.14 

10.00 

.200 

20.00 

.78 

3u. 

1 .6 

40.00 

2.8 

60.00 

6.0 

IS 1 

3 





,10 

.0QO0S2 

.20 

.C0020 

.40 

.00078 

.60 

.00I6S 

.80 

.0029S 

1.00 

,004S 

2.00 

,0170 

4.00 

.061 

6.00 

,140 

8,0(1 

.230 

10.00 

.ISO 

20.00 

1.30 

lu.oo 

2.9 

40.00 

4.7 

60.00 

10.0 

IS 1 

3 





.10 

.OOOOV8 

O 

rvj 

• 

.00037 

.40 

.00136 

.60 

.0030 

.80 

• OOSO 

1.00 

.0080 

2.00 

.029S 

4.00 

.ns 

6.00 

.240 

8.00 

.41 

10.00 

.64 

20.00 

2.40 

3U.O0 
IS 1 

s.o 

3 

40.00 

0.S 

60.00 

16.00 

.10 

.00UI6S 

.20 

.00062 

.40 

.0024 

.60 

.(IQSM 

.80 

.0093 

1 .00 

.0140 

2.U0 

.0S40 

4.00 

.20 

6.00 

.43 

8.O0 

.76 

10.00 

1.2 

20.00 

4.30 

3U.00 

IS 1 

9.2 

3 

40.00 

14.6 

60.00 

32.0 

.10 

,0003 

.20 

.oom 

.40 

.0043 

.60 

.009S 

.60 

.0I6S 

1.00 

.02S0 

2.00 

.092 

4.00 

.3S 

6.00 

.74 

8.U0 

1.3 

10.00 

2.0 

20.00 

7.60 

3U.00 

14.7 

40.00 

26.0 

60.00 

S7.0 

DATA TABLE -46 






BETA VALUtS for U2 

3 4 

46 




VULUrifc tXPANSiVITY (BETA) FOR HYDROGEN AS A FUNCTION OF PRESSURE AND 
TkMPF.KAll)RE. 

HtF. - Nr 5 S-TN- 6 l 7 fAPRIL I 972 f NAT, BUR. STANDARDS»BOULDER, COLORADO. 


PrttSfiURt (PSIA) S SO.O 

TEflPF.f!ATUHE(DEG.R) BEtA (PER DEC-R 


I i 
iU.O 
4S.406 
bu.n 
iHOiO 
700.0 


I 


.0C636«2 

;0ISM79M 

iOiMOlSM 

.0(32942S 

.00IM268 


36,0 
MS. 406 
I2S.0 
MMO.O 


100.0 


200,0 300.0 MOO.O 


.0087034 M2.0 
.042SM79 60.0 
.0082072 200.0 
.0022710 SMO.O 


.0120937 

.02IM360 

.00S0M29 

.0018497 
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IS 

I 

2 


4u.n 


.0066720 

40.0 

S2.072 


;030S22| 

SO. 072 

60.0 


;0301448 

70.0 

I2S.0 


.008S77^ 

200.0 

•440.0 


;C022692 

S40.0 

IS 

I 

2 


40.0 


.0063024 

40.0 

SB.O 


.0S‘)SI00 

60.0 

66.0 


;o4a>i82o 

70.0 

I2S.0 


.0C9IS77 

200.0 

HHOiO 


;00226S2 

S40.0 

IS 

1 

2 


40.0 

■ 

.O0S99O2 

40.0 

60.0 


;03603S9 

64.0 

?0.0 


;0683492 

60.0 

I2S.0 


.0097206 

200.0 

440.0 


;0C226O9 

S40.0 

IS 

1 

2 


40. 0 


.00S67S0 

40.0 

60.0 


.0229678 

66.0 

/S.O 


;osi40ss 

85.0 

I2S.0 


.0102432 

200.0 

440.0 


. 0022S63 

540.0 


.0101009 

50.0 

.0220225 

.0669217 

54.0 

.0492883 

.0201346 

80.0 

.0158545 

.0050846 

340.0 

.0029435 

.0018476 

700.0 

.0014250 

.0091823 

50.0 

.0166397 

.621 1455 

62.0 

.1125254 

.0336912 

90.0 

.0157847 

.0051645 

340.0 

.0029448 

.0018431 

700.0 

.0014214 

.0084433 

50.0 

.0137881 

.0856922 

66.0 

.1 174762 

.0282269 

90.0 

.0189064 

.0052391 

340.0 

.0029450 

.OOIS366 

700.0 

.0014177 

.0078461 

50.0 

.01 19866 

.0426049 

70.0 

.0600390 

.0273007 

95.0 

.0186681 

.0053075 

340.0 

.0029442 

.0018339 

700.0 

.0014140 
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1 . 3 INPUT DECK SETUP 

The Math Model Program has a built-in capability to process either a single system 
analysis run or multiple system runs. The multiple system rims can be several runs 
of the same system or different systems. Average system run times will vary from 
approximately 90 seconds (UNIVAC-1108, Exec 8) for an ACPS run to approximately 
180 seconds for a fuel cell analysis. 

1.3.1 Single System Deck Setup 

For a single system setup the input deck setup is of the same general form as given 
in Fig. 1.2. 4-1, where the system definition card continues the phrase, "LAST CARD" 
beginning in Field 4. 

1.3.2 Multiple System Deck Setup 

For a multiple system deck setup several adjustments are made to the input decks . 
First, since the Data Tables are only to be read -in once, only the first data deck 
will contain the ADD Card calling for Data Table input. Secondly, the System 
Definition card in each input deck, except the last one, will omit the phrase, "LAST 
CARD" (Field 4). This phrase must appear in the last deck in order to provide 
proper rim termination. A typical multi -run deck setup is illustrated in Fig. 1.3. 2-1, 
showing the card requirements. The illustration assumes the program and Data 
Tables are stored in files. 
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@FIN 


' / INPUT DATA CARDS 

(deck-2) 

/fuel cell supercrit last card 

(SYS DEF.C) 

/ TABLE ECHO CONTROL CARD 

(DECK-2) 


/ TITLE CART) 

'user i.d. card 


(DECK-2 ) 
(DECK-2) 


^7 / INPUT DATA CARDS 

/ ACPS SUBCRITICAL 
ff/ /@ADD.P TNUMBAG. 
y /TABLE K:H0 control CARD 
' /TITLE CARD 
-WUSER I.D. CARD 
►/@XQT TCIMMP 
/ ®ASG,A TNUMBAG. 

@PRT,T 


(DECK-l) 

[ SYS. DEF. CARD) 
(DECK-l) 
(DECK-l I 
(DECK-l)| 

( DECK-l) 1 


/@MAP,SAI MAP, TCIMMP 

f/ tpf$ 

/ ^@FREE TCIMM. ~ 

' /@COFY,P TCIMM., TPF$. 

ASG.A TCIMM 







FIGURE 1.3. 2-1 MULTI-SYSTEM DATA DECK 
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1.4 MATH MODEL PROGRAM MACHINE REQUIREMENTS 

The program as it is currently configured requires in excess of 65,000 words of 
core storage for both the instruction and data banks. It is, therefore necessary, 
to either chain or overlay the program in order to avoid core overflow and truncation. 
Since the machine for which the program is intended is also a UNTVAC 1108 multi- 
processor, operating under the EXEC -8 system, the option chosen is the use of a 
mapped program segment overlay. A third choice, of course, is to break the 
large program into two or three small programs which could each process one or 
two of the cryogen system analyses. For specialized analysis which concentrated on, 
for example , the life support and fuel cell systems , it would be preferrable to use 
only those subprograms required and reduce both core loading requirements and 
program run time . 

The procedures required for developing a program segment overlay are documented 
in the UNTVAC manuals (Reference 1.4-1), describing the COLLECTOR processor. 

The discussion given in this manual will be limited to the program segment overlay 
employed for the Math Model Program. 

1.4,1 Segmented Overlay Procedure 

The construction of a segmented overlay for a program is accomplished by manipula- 
tion of the order in which relocatable elements are collected by the computer operating 
system for the production of an executable absolute element. Under the EXEC -8 operating 
system, this function is accomplished by the COLLECTOR, a system processor 
designed to provide a user with a means of gathering relocatable elements from many 
sources (programs) which may then be used in the construction of overlay segments 
in order to produce an absolute element ready for execution. Optionally, the 
COLLECTOR can be used to produce one relocatable element from a collection of 
relocatable elements. The COLLECTOR may be called explicitly by the ATMAP 
executive control statement, or, implicitly as a result of the user requesting execution 
(ATXQT) of a program which is not in the absolute form. Only absolute elements 
procued by the COLLECTOR can be executed. 
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The procedure for structuring the overlay segments involved the use of the following 
control statements and directives: 

(1) Setup the Entry Point Table (ATPREP) 

(2) Invoke the COLLECTOR with a ATMAP control statement, 

(3) Use the SEG directive to define each program segment in its 
preselected order. 

(4) Use the IN directive to call explicitly the main or subprogram assigned 
in each segment. 

(5) Use IN directives to call in BLOCK DATA elements where required in 
a segment. 

(6) Use the END directive to define the end of source language statements 
to be processed. 

The SEG directive , or control statement is used to define the relationship and contents 
of segments within a program. The format employed is SEG, NAME 1, NAME 2 
where NAME 1 is the name of the segment and must be specified. NAME 2 gives 
the names of other segments to which the segment NAME 1 is beii^ related. The 
first segment named in the source input is called the main segment and is not 
overlayed by other segments. 

The IN directive , or control statement , allows the user to include any , or all , 
elements from any member of files in his collection specifically in the segment named 
by the preceding SEG statement. 

The structured collection of source statements which make up the map for the Math 
Model Overlay is given in Table 1.4. 1-1. 
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Table 1.4. 1-1 

MATH MODEL MAP OVERLAY 


@MA,P,LAI MA.P, TCIMMP 

C MAPPING DECK FOR TCIMM PROGRAM 

SEG MAIN 
IN CONTRL 
IN SPHTDA 
SEG LVLIA*,(MAIN) 

IN INTAB 
IN COMPIL 
SEG LVLIB*,LVLIA 
IN CRYCON 
SEG LVL2A*,(LVLIB) 

IN ACCRES 
IN LIQRES 
IN TANK 
IN VENT 

SEG LVI2B*, (LVLIB) 

IN APUSUB,APUSUP 
SEG LVI2C*, (LVLIB) 

IN ECISS 

SEG LVL2D*, ( LVLIB) 

IN FUELCL 
END 
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When the COLLECTOR precessor is invoked by means of a ATMAP control statement 
followed by a set of source statement mapping instructions , the collector will provide , 
as output, the starting addresses of all subprograms and common blocks in the 
order defined by the SEG and IN directives. An abbreviated illustration of segment 
loading addresses is given in Table 1.4. 1-2. 

Additionally, the collector presents a graphic representation of the segment MAP 
generated giving the quantity of work contained in each segment. The graphic 
representation generated for the Math Model Map is presented in Table 1.4. 1-3. 
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TABLE l.U.1-2 

LOADING ADDRESSES FOR SEGMEIWED OVERLAY 


065000 15«?3^ 
065000 0t>*ii03^ 
06503/1 065732 


'•'OROg Dir.T'^Al ?6 /i26 !Ramk. ?R3l5 dRANK 


SM-‘irAir MAIN onooft 0ll563 06573i 132600 


St r.Hi MT I V| lA* 0U36/I 021 155 132601 1 30317 

l-ni LG^S MAtM 


r,tr.?^FMT I. Vi IB* 01136a o5600« 152601 l5ni0 

maB rnr <;aml SURTiiJO adDWi Sg aS SFRMTk'T 


SM'.mi MT I V| ?A* 05600s 063016 151511 l5a?54 

LV| m ' 


sn;MrNT i vi ?ba 05004^5 o6?aoi 151511 i52n4 

inu..nvv5 c,pr.Nif. NT LVi in 


StGHtNT I Vi 2C» 05604s 0604,36 15131 1 153765 

l-ni^LOws gl'r,M|-:NT LVl lR 


Sf GMf ( V| ?n* 05604s 064471 151311 153544 

f niLiT^S 5Kr,NF.Nl I V| IB 
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TABLE iA.1-3 

COMPUTER DRAWN OVERLAY MAP 

DBANK Srf’Mp-M'lS DRA'IM to SCAlPf /(OO wOBnp ■ nf'C T’^Al, PE9 DA^^ 

MAI-J 

LVLvA^t (a/|7) 

m 

LVLl 0A 

lvLpa* 

1. V I,, ? R ♦ 

Ly/l-ar* 

• ^ 

LVi..?n* 

I rank ORA'IN ^*Qf> nf.'CT''Al DAS^ 


HAIN (mUu) 

LVl, 1A» 

rVlil* (i 0736 V 


LVL?A» 

C?P6=>'t 
L.V ?C* E3iP!> 
IVIPD* fSPoSl 


f t «on 
( 5Afl ) 

( ) :ipuj 

n 1 6M 
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1.5 ERROR MESSAGES 

The size and relative complexity of the Math Model FTogram is such that the user 
must have some means other than the standard computer disgno sties and error 
messages to indicate and flag run problems. 

Accordingly , several means of detecting run problems and error causing input values 
have been incorporated into the program itself. The two main techniques employed 
are out -of -range warning messages and built-in error termination. Troubleshooting 
the program is simplified by providing within the more sensitive subprograms , a 
built-in diagnostic trace technique which will output and flag intermediate values for 
the intermediate calculations not normally shown in the program output. 

Normally, if no changes have been made in the subprogram coding, an error will 
usually be the result of an input data error, either as a wrong input value or the 
omission of the value. Since the input data decks are sometimes rather large, new 
decks should be very closely checked for keypunch errors and card omissions. 

1.5.1 Built-In Diagnostic Trace 

The built-in diagnostic trace technique consists of a set of diagnostic flag indices, a 
subprogram which verifies the flag and sets the "switch” position, and a set of 
diagnostic write statements placed in sensitive subprograms. The diagnostic flag 
index permits either single or multiple subprogram diagnosis as desired by the user. 

1. 5. 1. 1 The Diagnostic Flag. The diagnostic flag for any of the using subprograms 
is controlled through the variable "MDTRC" defined in Procedure Definition Processor 
CCNTRL. Input values for MDTRC are placed on the System Definition input data card 
described in subparagraph 1.2. 2. 4. 

MDTRC may have a value of either zero or one , and is placed in specific system 
definition card positions to activate the diagnostic write statements in any of eleven 
(11) subprograms. The card columns utilized for MDTRC are as follows: 
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Card 

Column MDTRC ( ) = DIAGNOSTIC TRACE SWITCH FOR CRYC0N (O FF 


(70) 

(1) - 1 

Turn on ACCRES 

(71) 

(2) = 1 

Turn on ACQWT 

(72) 

(3) = 1 

Turn on APUSUB or APUSUP 

(73) 

(4) 1 

Turn on CMPCAL 

(74) 

(5) = 1 

Turn on FUELCL 

(75) 

(6) = 1 

Turn on C0NSUM 

(76) 

(7) = 1 

Turn on ECLSS 

(77) 

(8) = 1 

Turn on LIQRES 

(78) 

(9) = 1 

Turn on TANK 

(79) 

(10) = 1 

Turn on TSIZEI 

(80) 

(11) = 1 

Turn on WTACC 

MDTRC(l) is Card Column 70, MDTRC(ll) is Card Column 80 of 

Definition Card. 

The values for MDTRC are read in the main driver routine C0NTRL ; 


in C0MM0N/CCNTRL/ for later use in the executive sequencing subroutine CRYC0N. 


1. 5. 1.2 Diagnostic Control Subprogram . The flag MDTRC is tested in subroutine 
CRYC0N as each of the analytical subprograms are sequenced. If MDTRC is not 
zero then subroutine CRYC0N will turn ON the diagnostic switch for the subprogram 
being sequenced. Any other routines or fimctions called by this subprogram will also 
yield diagnostics if equipped to do so. When the diagnostic switch is ON. a function 
routine called DIAG is also activated and prints as output the name of the subroutine 
being entered and states that a diagnostic trace is in progress. Each time in the sub- 
program that a diagnostic write statement is encountered, DIAG is tested and if 
found to be activated the write statement is executed. Upon leaving the subprogram 
the function DIAG again states the subprogram name and the fact that the subprogram 
has been exited. 

An illustration of the diagnostic trace output is given in Fig. 1.5-1 for a short trace 
used internally in the APU subprogram. The diagnostic trace was setup to be activated 
for an APU supercritical analysis, to examine the process of looking up ultimate 
strength values in Dat Table -22. 
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Since the only subprograms having diagnostic write statements within subroutine 
APUSUP were subroutines FINTAB, L0CAT and the function MIPE, the table look-up 
procedure examination was straightforward. 

As noted in Fig. 1. 5-1, DIAG caused the notation DIAGNOSTIC TRACE to be printed 
as subroutine FINTAB was called in. DIAG noted that FINTAB was entered and Data 
Table -22 was found and copied. FINTAB was exited and a summary of the X -array 
printed out. Function MIPE was then entered followed by a call to L0CAT which was 
entered to locate the X,Y subtable which bracketed the desired value of 500*^R. The 
array subtable limits were output and L0CAT was exited. Function MIPE then per- 
formed a linear interpolation of the X and Y arrays to obtain an ultimate stress value 
of 115761 psi at the desired temperature of 500^R for the stainless steel oxygen 
accumulator tank material. MIPE was then exited with the required data. The sequence 
was repeated a second time for the hydrogen accumulator and since operating tempera- 
ture and material selection was identical to the first accumulator , the answer obtained 
was the same as before. In this instance, the diagnostic output was not labeled by 
variable name, however, in other subprograms the diagnostic data appears in 
variable labeled format. 

Diagnostic write statements will be easily recognized in the various subprograms since 
they all start with an IF statement, for example: 

IF (DIAG (0 , 6HFL0RAT))WRITE(I0T , 6O2O)WD0TI , etc . 

which says, if the diagnostic switch is turned ON, write out that FL0RAT was entered 
and writeout the subroutine input variables starting with flowrate, etc. 

1.5.2 Error Diagnostics 

In addition to the diagnostic trace for checking out program computation procedures, 
there are a number of Error Diagnostics built into the various subprograms which 
give a warning if ranges are exceeded, or if things show up out of order. For example, 
subroutine CMPCAL computers pressure drops and keeps track of the required system 
pressure as the analysis proceeds to work its way toward the supply tanks. If, upon 
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arriving at the tank, the subprogram finds the input tank pressure lower than the 
required pressure, it will reset the tank pressure equal to the calculated required 
pressure and print the following message; 

"DIAGNOSTIC* TANK INPUT PRESSURE IS LESS THAN THE REQUIRED 
PRESSURE. TANK PRESSURE SET = REQUIRED PRESSURE. TANK 
INPUT PRESSURE = . REQUIRED PRESSURE = . 

Similar messages warn of the failure of data to converge, or the failure of data to 
match preset convergence ranges. 

1.5.3 Preset Error Terminations 

A number of preset error terminations are provided in the program, in order to 
prevent the generation of meaning less data and expenditure of costly run time. 

Typical conditions causing error terminations are as follows: 

Errors in naming the system on the System Definition Card will always abort 
the nm. The system name must begin with the three alpha character mnemonics 
specified in DATA NAMSYS given in subroutine ST0DTA. 

A negative temperature or pressure value will terminate the program in a 
number of subprograms. 

A temperature or pressure out of preset ranges will terminate the program 
in several of the thermodynamic property subprograms. 

1.5.4 Errors in Reading Table Data 

Subroutine INTAB is provided with a specific set of diagnostic messages in order to 
permit rapid isolation of problems in the DATA TABLE input. Usually the 
trouble occurs during table update or replacement, however, simple card juxta- 
position can also cause a lot of trouble . 

The following is a list of Table Data error messages and the table data cards to 
examine: 
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♦ERROR* THE NUMBER OF DIMENSIONS IS WRONG. ND = 

(See Gp(d) CARD-1). 

♦ERROR* THE NUMBER OF POINTS IS WRONG. NP - 

(See Gp(d) CARD-3). 

♦ERROR* THE NUMBER OF DATA POINTS IS WRONG. NV = . 

(See Gp(d) CARD-5). 

♦ERROR* THE TABLE TYPE IS WRONG. TYPE = . 

(See Gp(d) CARD-5). 

♦DIAGNOSTIC* THE NUMBER OF INTERPOLATION POINTS IS WRONG. 

NIP - . NIP IS SET EQUAL TO = . 

(See Gp(d) CARD-5). 

♦ERROR* THE ABOVE TABLE NUMBER IS LESS THAN 0 AND GREATER 

THAN 50. 

(See Gp(d) CARD-1 (NT)). 

♦DIAGNOSTIC* THE ABOVE TABLE HAS ALREADY BEEN INPUT. THIS TABLE 
SHALL REPLACE THE PREVIOUS TABLE. (Check table 
numbers -NT . ) 

♦ERROR* THE TOTAL SIZE OF THE TABLES HAS EXCEEDED 7000. 

THE REQUIRED SIZE IS . RUN TERMINATED. 


Any of the foregoing messages requires action by the user to correct the Table 
Data Deck or File . 
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1 . 6 PROGRAM RESTRICTIONS 

Program restrictions for the current version of TCIMM are largely self-imposed by 
the range of the data used in cryogenic system evaluation. Array size for many of the 
program variables can be conveniently changed by adjustment of the PARAMETER 
definition statements found in each of the Procedure Definition Processors which define 
the common arrays. The array dimensions as currently defined, however, are adequate 
for current system concepts. 

1.6.1 Program Analytical Range 

The program currently accommodates the use of four cryogen fluids: oxygen, hydrogen, 
helium, and nitrogen. 

Temperature ranges extend to 800°R for O 2 , Hg, and He and to well over 1000°R 
for Ng. Pressure ranges extend to 2500 psia for O 2 , Hg, and N 2 . In this respect 
all table data ranges can be extended by simply enlarging the tables. 

The configuration table will currently accommodate one hundred components and can 
be extended by changing the appropriate PARAMETER statement in PDP-CCNFIG. 

1.6.2 Table Data Limits 

Current Table Data capacity is limited to 50 tables containing a total of 7000 words. 

The number of tables can be changed by altering the value of the NTBN in PDP-CTAB 
from 50 to the desired number of tables. The total number of table words can be 
changed by alterning the value of MXWRD in PDP-CTABA to the value desired. If 
MXWRD is changed, then the "error message" in FORMAT statement 6170 of sub- 
routine INTAB should also be changed. 
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1.7 TAPE AMD DRUM ASSIGNMENTS 

For those facilities which have limited or no- mass storage capability in the 
form of FASTRAND or DISC program storage, tape operation will be required 
for Program file and Data Table file loading only. The making of the files 
on tape will follow whatever local procedirres are used compatible with local 
machine requirements. The program uses no scratch or intermediate tapes or 
drums for data storage, hence, there will be no requirement for mounting 
extra tapes . 

1.7«1 Data Table Tape Preparation 

Provisions have been made in -the program to produce and use a binary data 
table tape, where this is preferred over Data Table Card input, or because 
of mass storage limitations. 

A binary data table tape can be produced in the course of a normal program 
run utilizing existing coding in subroutine IIWAB which is controllable 
from the input data, "Table Data Echo Control Card" (Ref. Gp(c) CARD-1, 

Sub. sec. 1.2. 2. 2 ). 

The variables IFT and 0FT which occupy the first two fields of the Table 
Data Echo Control Card are utilized for the tape preparation and tape utiliza 
tion functions . 

The defined values to be used in the variables are as follows: 

IF: IFT = 0 Table Data Input is from Source Cards, 

or Mass Storage. 

IFT = 1 or 2 Table Data Input is from Binary Tape 

loaded from Tape Unit-15. 


138 


LOCKHEED MISSILES & SPACE COMPANY 



LMSC-A991396 


IPT>2 


Table Data Input is from Binary Tape 
loaded from Tape Unit IFT. Where IFT 
specifies tape unit number (Example: 
in? = 1?) 


IF: 


0PT = 0 
0FT = 1 or 2 
0FT > 2 


No binary data tape is to be made. 

Binary Data Table Tape will be pro- 
duced on Tape Unit - 15. 

Binary Data Table Tape will be made 
on Tape Unit 0Pr, Where 0FT speci- 
fies Tape Unit Nuniber (Example: 

0n? = l6) 


To make a binary data tape of the Data Tables, the simplest procedure is 
as follows: 


(a) Assign a blank tape to be loaded in Tape Unit 15, to be reserved. 

(b) Set IFT = 0 in Table Data Echo Control Card. 

(c) Set 0PT = 1 on Table Data Echo Control Card. 

(d) Set WPRT = 1 

WPRT2 = 1 

(e) Load data Table Cards immediately following Table Data Echo Control 
Card. 


To print Table Echo Summary 


The program will generate a binary data trap and those proceed with the 
execution of the run. 

1 . 7.2 Data Table Tape Utilization - - 

To use the binary data tape produced by the program, the following procedure 
applies : 
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(a) Assign the Data Table Tape to be read in on Tape Unit 15 . 

(b) Set IFT = 1 on Table Data Echo Control Card. 

(c) Set 0PT = 0 on Table Data Echo Control Card. 

(d) Set NPRT =1 I To Print Table Echo Summary 

NPRT2 = 1 J 

(e) Omit Data Table Cards from Input Deck. 

The program will now load in the Data Tables from Tape and precede to execute 
the run. 

1 . 7.3 Drum and Disc Utilization 

Where a facility is equipped with Drum and/or Disc file storage hardware, 
both the program and the Data Tables may be conveniently stored as files i.n 

mass storage. Assigning and calling in the files becomes a simple matter 

involving only a few control cards. 

Detailed procedures for program file generation as well as DATA file generation 
are adequately described in the UNIVAC-IIO 8 manuals. 


140 


LOCKHEED MISSILES & SPACE COMPANY 



LMSC-A991396 


Section 2 

MATH MODEL SAMPLE PROBLEM 


In order to illustrate the application of the Math Model Program, a sample problem 
for an Attitude Control Propulsion System was assembled and rim. The ACPS problem 
was chosen because it exercises more of the major subprograms than the other 
systems. The sample problem graphically illustrates the conversion of the system 
concept schematic and supporting data into a problem data input deck and the analjd;ical 
output obtained in the program run. 

2.1 THE PROBLEM STATEMENT 

The ACPS concept considered was chosen from among similar concepts previously 
studied under this contract (Ref. 2. 1-1). The concept is illustrated in the schematic 
presented in Fig. 2.1-1. The concept is a cold helium pressurized, subcritical 
cryogen fluid supplied, bi-propellant gas fed propulsion system. The cryogens are 
stored as fluids under low pressure and converted to gasses at high pressure through 
the use of high pressure liquid pumps. The high pressure liquids are vaporized in 
gas generator fired heat exchangers. The resulting gaseous propellants are then fed 
to high pressure accumulators for storage until needed for the engines. Propellant 
feed to the ermines is through pressure regulations which drop the feed pressure to 
the value required for the engines. Oxygen and hydrogen gas at engine feed pressure 
and temperature are available to other systems via taps in the engine feed line. 

The initial run of the system sample problem will establish the nominal case values 
for the ACPS concept and provide the base-line temperatures, pressures, pressiire 
drops , flow rates , and component and system weights for the specified duty cycle and 
performance constraints. Subsequent runs of the sample case would consider the 
effects of perturbing the base-line input data in whatever manner is of interest to the 
analyst. The collected series of runs would then provide the basis for wide range 
performance and trade-off analysis conclusions and recommendations. 
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The sample case run herein presented is the starting point, or, base-line concept 
analysis. 

2.2 PROBLEM OUTLINE - DATA ACQUISITION 

The problem outline will be provided to the analyst in the form of a preliminary study 
of some sort which will probably need elaboration. Specifically, the analyst will need 
to assure himself that the following data sources are in fact available; 

Mission Duty Cycl e 
Concept Schematic 
Engine Concept Details 
Tankage Concept Details 
Heat Exchanger Requirements 
Pump and Turbine Requirements 
Gas Generator Requirements 
Subsystem Constraints 

Plumbing Layout and Approximate (at least) Line Lengths 

It should not be considered unusual if the analyst finds that the data supplied is not 
adequate to build an input data deck and that ftirther source interrogation is required. 
Assuming the required sources are available, then the task of assembling the infor- 
mation into the input data deck format can be accomplished. The following sub- 
paragraphs elaborate on the data reduction aspects of this task. 

2.2.1 Sample System Performance and Component Data 

2.2. 1. 1 Duty Cycle. For the AC PS sample problem a twelve burn duty cycle rep- 
resentative of the total burn and coast times for a typical orbiter seven day mission 
was selected. The duty cycle events and pertinent propellant consumption data 
obtained from the referenced study are presented in Table 2.2-1. 
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TABLE 2.2-1 - 
ACP8 DUTY CYCLE 


Event 

Activity 

Duration 
(sec ) 

Mission 
Time (min. ) 

O^-Used 

tlbs) 

H_-Used 

(lbs) 

1 

Coaat -1 

540 sec 

0-9.0 

■ - 

- 

2 

Burn -1 

4.58 sec 

9.0-9.07 

50 

14 

3 

Coast -2 

7975 sec 

9 . 07 - 142 . 

- 

- 

4 

Bum -2 

6.15 sec 

142 . 0 - 142.1 

67 

19 

5 

Coast - 3 

2094 sec 

142 . 1-177 

- 

- 

6 

Bum - 3 

3.58 

177.0-177.06 

39 

11 

7 

Coast -4 

536 sec 

177.06-186 

- 

- 

8 

Bum -4 

38.8 sec 

186.0-186.65 

423 

120 

9 

Coast -5 

2061 sec 

186.65-221 

- 


10 

Burn - 5 

7*43 sec 

221.0-221.12 

81 

23 

11 

Coast-6 

593 sec 

221.12-231 

- 

- 

12 

Bum-6 

3.58 sec 

231.0-231.06 

39 

11 

13 

Coast -7 

536 sec 

231.06-240. 

- 

- 

14 

Burn -7 

66.1 sec 

240 . 0 - 241.1 

720 

204 

15 

Coast-8 

714 sec 

241 . 1 - 253 . 

- 

- 

16 

Burn-8 

32.3 sec 

253.0-253.54 

352 

100 

17 

Coast -9 

568 sec 

253.54-263. 

- 

- 

18 

Bvim -9 

104.1 sec. 

263.0-264.74 

1135 

320 

19 

Coast - 10 

1876 sec. 

264.74-296 

- 

- 

20 

Burn -10 

31.9 sec 

296.0-296.53 

348 

96 

21 

Coast -11 

571,048 sec 

296.53-9814. 

- 

- 

22 

Bum - 11 

16.16 sec 

9814. 0 - 9814 . 27 

176 

50 

23 

Coast -12 

9584 sec 

9814.27-9974 

- 


24 

Bum -12 

100 sec 

9974.0-9975.67 

1090 

310 

Total Deliverable 


4520 

1278 



Total Propellcmt: 

5798 


M.I.B. degradation: = O.9O 
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2.2. 1.2 Engine Data. The rocket engine characteristics employed in the problem 
are given as follows: 


Number of Engines 

3 

Engine Thrust 

1750 lb 

Engine 1^^ 

420 sec 

Expansion Ratio 

40:1 

0/F Mixture Ratio 

4:1 

Propellant Inlet Temp 

350°R 

Propellant Inlet Pressure 

400 psia 

Chamber Pressure 

250 psia 


2.2. 1. 3 Accumulator Data. The system requires two high pressure accumulators, 
one for each of the propellant gases. The accumulator characteristics employed in 
the sample problem are as follows: 


Characteristic 

Accumulator Code 
Maximum Diameter (ft) 
Volume (ft^) 

Nominal Temp (°R) 

Nominal Press, (psia) 
Material Type 
Insulation Type 
Insulation Thickness (in.) 
Est. Heal Leak Rate (Btu/hr) 
Allowed Pressure Swing (psi) 


02-Accumi H2-Accum. 


ACOl 

AC 02 

2.05 

5.2 

2.5 

72.5 

350. 

350. 

2000. 

2000. 

5.5. 

5.5. 

CDAM/T.G. 

CDAM/T.G 

2.0 

2.0 

0.1 

0.2 

500. 

500. 


2.2. 1.4 Heat Exchanger Data . The concept requires two heat exchanger -gas generator 
sets for vaporization of the cryogen fluids. The heat exchanger and heat source 
characteristics employed in the problem are given as follows; 
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Characteristic 

Oxygen 

Side 

Hydrogen 

Side 

Heat Exchangers: 



Heat Exchanger Code 

HXOl 

HX03 

Hot Fluid Inlet Temp (°R) 

2000. 

o nf\f\ 
Lt yjyjyj . 

Hot Fluid Outlet Temp (°R) 

1100. 

1028. 

Cold Fluid Inlet Temp (*^R) 

173. 

42. 

Cold Fluid Outlet Temp (^R) 

350. 

350. 

Hot Fluid Nominal Pressure (psia) 

245. 

500. 

Cold Fluid Nominal Pressure (psia) 

2000. 

2000. 

Hot Side Delta-P (psi) 

30. 

30. 

Cold Side Delta-P (psi) 

30. 

10. 

Hot Side Nominal Flow Rate 
(Ib/sec) 

0.6 

2.6 

Cold Side Nominal Flow Rate 
(Ib/sec) 

12.3 

. 4.3 

Heat Source: 

Type 

Gas Gen 

Gas Gen 

0/F Mixture Ratio 

1:1 

1:1 

Outlet Temperature (°R) 

2060. 

2060. 

Chamber Pressure (psia) 

245. 

500. 

External Available Energy (Btu) 

0. 

0. 


2.2. 1. 5 Pump and Turbine Data. Two pump and drive turbine sets are required 
for the concept being considered. The pump and turbine characteristics employed for 
the sample problem are presented as follows: 

Oxygen Hydrogen 

Characteristic Side Side 

Pump: 

Pump Code 
Type 

Pump Efficiency (%) 
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Oxygen 

Hydrogen 

Characteristic 

Side 

Side 

Pump: (Cent) 

Pump NPSP (psia) 

8.7 

1. 1 

Pump Shaft Speed (rpm) 

20,000 

70,000 

Pump Outlet Pressure (psia) 

2023, 

2023. 

Pump Inlet Pressure (psia) 

17. 

17. 

Pump Inlet Temperature (^R) 

165. 

37. 

Pump Drive: — Gas Turbine 

Turbine Code 

GTOl 

GT02 

Turbine Mixture Ratio 

0. 891 

0. 891 

Turbine Inlet Temperature (°R) 2000. 

2000. 

Turbine Delta-P (psi) 

230. 

480. 

Turbine Delta -T (®R) 

840. 

840. 

Turbine Efficiency (%) 

55. 

36. 

Turbine Inlet Pressure (psia) 

250. 

500. 

2 . 2 . 1 . 6 Cryogen Supply Tankage Data. 

One tank is required for each cryogen fluid. 

Initially , it is assumed that the tanks are spherical since the program will add cylindrical 

sections to the tanks if the fluid volume exceeds that of a sphere having an input 

maximum diameter. 

The tankage characteristics employed in this problem are as follows: 


Characteristic 

LO 2 Tank 

LH 2 Tank 

Tank Material 

2219-Al 

2219-Al 

Number of Tanks 

1. 

1. 

Tank Code 

TKOl 

TK02 

Acquisition Device 

Surf Tension 

Surf Tension 

Insulation Type 

DGM/SN 

DGM/SN 

Pressurization Type 

Cold He 

Cold He 

Fluid Initial Temp (°R) 

165. 

37. 
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Characteristic 

LO 2 Tank 

LH 2 Tank 

Tank Initial Pressure (psia) 

16. 

16. 

Pressurant Gas Temp (°R) 

170. 

40. 

Tank Operating Pressure (psia) 

26.7 

19.1 

Tank Vent Pressure (psia) 

31.7 

24.1 

Estimated Heat Leak (Btu/hr-ft ) 

0.1 

0.2 

Insulation Thickness (in.) 

2.0 

2.0 

Optional Input — Fluid Loaded (lb) 

(Omit) 

(Omit) 

Initial Percent Ullage 

3.0 

3.0 

Tank Maximum Diameter (ft) 

5.07 

5.0 

Tank Heat Exchanger Outlet Temp (^R) 

NA 

NA 

Tank Heat Exchanger Delta -P (psi) 

NA 

NA 

Tank Circular Pump Delta-P (psi) 

NA 

NA 

Tank Heat Exchanger - 



Gas Gen Outlet Temp (°R) 

NA 

NA 

Gas Gen Chamber Pressure (psia) 

NA 

NA 

Gas Gen Mixture Ratio (0/F) 

NA 

NA 

Tank Insulation — Layers/Inch (Optional) 

(Omit) 

(Omit) 


2.2. 1. 7 Lines, Controls, and Fittings Data. For the sample problem, all lines, 
valves and fittings are stainless steel, and are insulated where necessary with one- 
half inch of CDAM/TG insulation having a layer density of thirty layers per inch. 

2 . 2 . 1. 8 System Configuration Data. The remaining data to be assembled quite often 
proves to be somewhat time consuming , primarily , because in the concept stage (or , 
even in the early design stages) no one seems to know how long the pipes are. There- 
fore, one obtains a large set of vehicle drawings and proceeds to obtain approximate 
lengths even though they are subject to changes. The task, at hand, is to convert the 
system process schematic into a configuration table with a close resemblance to what 
the actual system will look like. This is best accomplished by detailing the data for the 
oxidizer side of the system first, followed by the data for the fuel side. The data 
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collected should be listed in the order required for data deck input. Considerable 
time may be saved by using 80 column ke 5 qjunch worksheets with appropriately ruled 
and labeled columns for data collecting sheets and data card production. The basic 
information required for the configuration data table as derived from Fig. 1.2-1 
and supporting data is presented in Tables 2.2-2 and 2.2-3. The data table will also 
require the use of some of the information developed for the larger components 
discussed in previous subsections. 

2.3 PROBLEM DATA DECK 

The sample problem data previously collected (subsection 2.2) can now be readied for 
the creation of an input data deck. Formatting information for the necessary data 
cards will be found in subsection 1.2.2 in the card format illustration sheets (1.2.2. 1 
through 1.2.2. 17). The AC PS sample problem data input deck produced from the fore- 
going procedure is listed in Table 1.2. 5-1. 

Input Data Decks for other systems are created in the same general fashion as 
employed for the sample problem. 

2.4 PROBLEM TABLE DATA REQUIREMENTS 

While the data tables currently included in the Math Model Program, are adequate for 
the sample and test problems used for program checkout, there is no assurance that 
this is so for more advanced systems. Therefore, it is incumbent upon the program 
user to examine his system carefully for new table data requirements and make the 
necessary table substitutions as needed. The following tables are most likely to 
need either updating or the substitution of a complete new table of data: 


Table 

Number 

Descriptive Title 

Number of 
Dimensions 

1 

RCS - Thruster Weight 

4 

2 

RCS - Vac Sp Impulse 

3 

9 

0MS - Engine Weight 

3 

10 

0MS — Vac Sp Impulse 

3 
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Table 2.2-2 


CONFIGURATION DATA FOR ACPS - OXYGEN SIDE 


Item 

I.D. 

— 

Item 

Code 

Number 

Oper 

Number 

Stby 

Diameter 

(in.) 

Length 

(in.) 

Friction 

Factor 

f (L/D) 

Fluid 

State 

Gas 

02-VAP 







G 

Engine 

ENGl 

3 

0 





G 

Line 

LNOl 

3 

0 

2.0 

110.0 

0.0095 

— 

G 

Tee 

FTOl 

1 

0 



0.0095 

126.3 

G 

Line 

LN02 

1 

0 

2.0 

150.0 

0. 0095 


G 

Tap 

FT02 

1 

0 



0.0095 

10.5 

G 

Line 

LN03 

1 

0 

2.0 

24.0 

0.0095 


G 

Valve 

IVOl 

1 

0 



0.0095 

10.5 

G 

Line 

LN04 

1 

0 

2.0 

12.0 

0. 0095 


G 

Valve 

CV02 

1 

0 



0.0095 

135.0 

G 

Line 

LN05 

1 

0 

2.0 

40.0 

0.0095 


G 

Tap 

FT03 

1 

0 



0.0095 

10.5 

G: 

Line 

LN06 

1 

0 

2.0 

20.0 

0.0095 


G 

Reg 

PROl 

1 

0 



0. 0095 

336. 8 

G 

Line 

LN07 

1 

0 

2.0 

30.0 

0.0095 


G 

Ac cum 

ACOl 

1 

0 



NA 


G 

Line 

LN08 

1 

0 

2.0 

24.0 

0.0095 


G 

HEX 

HXOl 

1 

0 



NA 


G/L 

Gas 

02-LIQ 





NA 


L 

Line 

LN09 

1 

0 

1.0 

12.0 

0.0180 


L 

Valve 

CVOl 

1 

0 



0.0180 

65.5 

L 

Line 

LNIO 

1 

0 

1.0 

12.0 

0.0180 


L 

Pump 

HPOl 

1 

0 



NA 


L 

Line 

LNll 

1 

0 

1.5 

160.0 

0.0180 


L 

Valve 

SVOl 

1 

0 



0.0180 

6.7 

L 

Line 

LN12 

1 

0 

2.5 

12.0 

0.0180 


L 

Tap 

FT04 

1 

0 



0.0180 

6.7 

L 

Line 

LN13 

1 

0 

2.5 

24.0 

0.0180 


L' 

Tank 

TKOl 

1 

0 



NA 


L 
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Table 2.2-3 


CONFIGURATION DATA FOR ACPS - HYDROGEN SIDE 


Item 

I.D. 

Item 

Code 

Number 

Oper 

Number 

Stby 

Diameter 

(in.) 

Length 

(in.) 

Friction 

Factor 

f (L/D) 

Fluid 

State 

Gas 

H2-VAP 







G 

Engine 

ENGl 

3 

0 





G 

Line 

LN21 

3 

0 

1.75 

110.0 

0.011 


G 

Tee 

FT21 

1 

0 



0.011 

109.0 

G 

Line 

LN22 

1 

0 

1.75 

150.0 

0.011 


G 

Tap 

FT22 

1 

0 



0.011 

9.0 

G 

Line 

LN23 

1 

0 

1.75 

24.0 

0.011 


G 

Valve 

IV02 

1 

0 



0.011 

9.0 

G 

Line 

LN24 

1 

0 

1.75 

12.0 

0.011 


G 

Valve 

CV04 

1 

0 



0.011 

86.0 

G 

Line 

LN25 

1 

0 

1.75 

40.0 

0.011 


G 

Tap 

FT23 

1 

0 



0.011 

9.0 

G 

Line 

LN26 

1 

0 

1.75 

20.0 

0.011 


G 

Reg 

PR02 

1 

0 



0.011 

336.4 

G 

Line 

LN27 

1 

0 

1.75 

30.0 

0.011 


G 

Accum 

AC02 

1 

0 





G 

Line 

LN28 

1 

0 

1.50 

24.0 

0.011 


G 

HEX 

HX03 

1 

0 





G 

Gas 

H2-LIQ 







G/L 

Line 

LN29 

1 

0 

1.50 

12.0 

0.011 


L 

Valve 

CV03 

1 

0 



0.011 

9.0 

L 

Line 

LN30 

1 

0 

1.50 

12.0 

0.011 


L 

Pump 

HP02 

1 

0 





L 

Line 

LN31 

1 

0 

2.0 

120.0 



L 

Valve 

SV02 

1 

0 




5.6 

L 

Line 

LN32 

1 

0 

2.0 

12.0 

0.018 


L 

Tap 

FT24 

1 

0 



0.018 

5.6 

L 

Line 

LN33 

1 

0 

2.0 

24.0 

0.018 


L 

Tank 

TK02 

1 

0 





L 

End 
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Table 

Number 

Descriptive Title 

Number of 
Dimensions 

11 

HEX Hjzft Gas Flow - L0g 

5 

12 

HEX H<^t Gas Flow - LHg 

5 

13 

Gas Generator Weight 

4 

14 

L02 — Transfer Pump Weight 

5 

15 

LH2 — Transfer Pump Weight 

5 

16 

Motor Weight (Elec) 

3 

17 

Vac Jacket Diameter vs Weight 

2 


Care should be exercised in constructing the new table to insure using the same number 
of dimensions (variables) as in the original table, otherwise, the coding in the sub- 
program table -calling sequence will have to be changed for each place the table is 
called upon. 
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2 . 5 PROBLEM DATA OUTPUT 


This subsection presents the entire output for the AC PS sample problem. The 
output, which follows, is indexed by page number in the header -box top left corner. 
This index will be used in describing the several output sections produced in the run. 


2.5.1 Output Description 


Page 1 
Page 2 

Pages 3,5 
Pages 6, 11 
Page 12 

Page 13 
Pages 14,15 

Pages 16, 17 

Page 18 
Page 19 


Table Data Input Summary — 

Lists the tables loaded for the program run. 

System Input Verification — 

Verifies the system name called for on System Definition 
Card. 

System Configuration and Duty Cycle Data — 

Echo of data in Input Data Deck. 

Echo of Major System Component Data — 

From Input Data Deck. 

Start of Program Calculations ; 

Computed Engine Parameters — 

Characterizes engine weight, propellant consumption 
and Igp. 

Computed Flowrate Data — 

Presents flowrate required for subsystem cryogen consumers 
and total flowrate from fluid tanks . 

Computed System Configuration Parameters — 

Presents computed temperature , pressure, flowrate, flow 
condition and weight for each component item in system 
configuration. 

Computed Heat Exchanger and Gas Generator Characteristic 
Parameters — 

Presents summary characteristics and weight data for heat 
exchangers and associated gas generators. 

Computed Pump and Turbine Characteristics — 

Presents summary characteristics and weight data for pumps , 
turbines and turbine gas generators; 

Initial Tank Sizing Calculations — 

Presents initial tank size and weight data computed on first 
estimate basis. 
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Pj^es 20, 32 
Pages 33, 45 
Page 46 

Page 47 
Page 48 
Page 49 


Tank and Vent Parameter Calculations — 

Characterizes oxygen tank history conditions for each Coast 
and Burn period of mission duty cycle . 

Tank and Vent Parameter Calculations — 

Characterizes hydrogen tank history conditions for each 
Coast and Burn period of mission duty cycle. 

Final Tank Sizing Calculations — 

Presents final tank size and weight data based upon detailed 
calculation of fluid requirements over integrated mission 
duty cycle span. 

Accumulator Sizing Calculations — 

Presents accumulator sizing and weight data computed in 
program. 

Tank F>ropellant Acquisition — Device Computation — 
Presents acquisition device computed weight , trapped 
propellant weight, and tank residual -propellant weight. 

Component Weight Summary and System Weight Summary — 
Presents a summary of individual component weights and 
corresponding insulation weights. Presents subsystem and 
systems weight totals. 


The following pages present the detailed sample problem output. 
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nai:e 

USERS NAME n * * * * n 

it W it Ik if 

it 

it * it it 

★ * 

* PAGE 


1 

DEPT 6213 * THE IHTEGRATEO MATH MODEL 


* DATE 

17 

APR 73 

EXT. 3023S * 





* TIME 

IStOI 140 

8lD, IOM * 

AT4307 



* CASE 


1 

an* 

* ♦ •* -W * ★ * .* ■* * 

* it it it it 

* 

ii * h H 

it * ft 

* * * * 

* 

* * * -i 


ACPS - 

TEST DEMONSTRATION 

PROBLEM 




TABLE INPUT 

summary 





TABLE 

TITLE OF TABLE 

NUMBER 

OF 

NUMBER OF 


NUMBER OF 

NUMBER 


DIMENSIONS 

SUPTABLES 


WORDS 

1 

RCS-THP.USTER WEIGHT 



4 


6 


122 

2 

RCS-VAC. SP. IMPULSE 



3 


3 


6B 

3 

SPF.C.HT/I.B OF 02 BEM.OVED 



3 


S 


206 

4 

SPEC.HT/LB OF H2 REMOVED 



3 


S 


IB4 

S 

TEMP. /Lh. OF 02 REMOVED 



3 


S 


1 R4 

6 

TEMP. /LP. OF H2 REMOVED 



3 


S 


|92 

7 

RP7 VS PGG.H/R.PAMB,PCHP 



S 


12 


9S 

3 

KK VS PGG,M/RfPAMB.PCHP 



S 


12 


9S 

9 

Ol'iS EflGIME WEIGHT 



3 


3 


SO 

10 

OMS VAC. SP. IMPULSE 



3 


3 


68 

1 1 

HEX HOT GAS FLOW - 1.02 



S 


24 


133 

12 

HEX HOT GAS FLOW - LH2 



S 


12 


71 

13 

GAS GENERATOR WEIGHT 



4 


10 


220 

14 

L02 transfer PUMP WEIGHT 



■5 


8 


130 

IS 

LH2 TRANSFER PUMP WEIGHT 



S 


e 


138 

16 

MOTOR WEIGHT 



3 


, s 


120 

17 

VAC, JAC.niA. VS, WEIGHT 



2 


1 


34 

18 

PHI - HYDROGEN 



3 


s 


172 

19 

temp, or N2 VS RHO F(P) 



3 


s 


180 

20 

HT.XFER.C0EF.-H2 



3 


4 


106 

21 

HT.XFER.C0EF.-02-N2 



3 


4 


138 

22 

FTU OF 321/347 ST. STEEL 



2 




32 

23 

FTU OF 22I9-T87 ALUM, 



2 


1 


36 

24 

FTU OF 606I-T6 ALUMINUM 



2 


1 


30 

2S 

FTU OF IHCOMEL-718 



2 


1 


30 

26 

FTU OF TI-6AL-4V 



2 


1 


30 

27 

HEAD coefficient VS NS 



2 


1 


34 

26 

ADIABATIC EFF. VS NS 



2 




44 

29 

EFFIC. OnoT.VS IMP. OIAM 



2 


1 


46 

30 

BASE LINE STAGE WT VS DI 



2 


1 


28 

31 

Saturated steam, t.vs p. 





1 


46 

32 

SP.HT. OF O-H COMB. prod. 



'3 


4 


1 14 

33 

OXYGEN INTERNAL ENERGY 



3 


5 


166 

34 

HYDROGEN INTERNAL ENERGY 



3 

- 

S 


216 

3S 

OXYGEN INTERNAL ENERGY 

> 


3 


S 


142 

36 

OXYGEN VAPOR PRESSURE 



3 


S 


166 

37 

hydrogen VAPOR PRESSURE 



3 


S 


216 


oxygen vapor PRESSURE 



3 


s 


142 

' 39 

ENTHALPY OF 1.02 



2 


1 


46 

40 

enthalpy of LH2 



2 


1 


24 

41 

Er.THALPY OF HELIUM 



3 


s 


142 

42 

oxygen enthalpy (GAS) 



3 


s 


98 

43 

hydrogen enthalpy (GAS) 



3 


s 


122 

44 

BETA FACTOR 



2 


1 


?B 

4S 

SIGMA-PCLTAP FOR HEXELC 



3 


s 


172 

46 

beta values for H2 



3 


s 


168 





TOTAL TABLE STORAGE s «>024 
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*** YOU HAVE CALLED FOR THE SYSTEM ACPS *** 


Ul 

05 


2 

APR 73 
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) 

* * * * * 
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LOCKHEED MISSILES 8t 


(/) 

TJ 

> 

O 

m 

O 

0 

z 

■0 

> 

z 

-< 


oi 

<3 





NAME 

USERS 

NAME 

* 

******** 

H * h It H ii it 

* * * * * 

page 3 






oEPT 

6213 


it 

THE INTEGRATED MATH MODEL * 

DATE 17 APR 73 






ext. 

30233 


it 



* 

TIME |S:0lt49 






BLP. 

!0S 


it 


AT4307 

* 

CASE 1 






■* * * 

* ★ ★ 

H it it 

it 

* * * * It * * * 

******* 

* * * * * 

******** 

* 









ACPS - TEST 

DEHOHSTRATIOM 

prori.em 










SYSTEM C 

0 N F 1 G 1) R 

A T I 0 N 

***** 



C'lMP 

COUP 

EHNC. 

NLiiB. 

NUr!R, 

HATRL 

• 

FLOW FPICTIOH 

LIME LENGTH 

LTME 

INSULATION 

INSULATION 

NO, LAYUPS 

Name 

COl.'E 

type 

OPER. 

STFiV. 

type 


coefkient 

OR L-OVER-D 

DIAMETER 

TYPE 

THICKNESS 

INSULATION 

GAi; 

02-VAP 

1 

1 

0 

0 


.00000000 

.00 

.00 

0 

.00 

.0 

ENrJINE 

EMGI 

u 

3 

0 

n 


.00000000 

.00 

,00 

0 

.00 

.0 

l.INE 

LNOI 

III 

3 

0 

1 


.9S000nC0-02 

1 10.00 

2.00 

4 

.30 

30,0 

jr.t. 

ftoi 

2t 

1 

0 

1 


.9sononon-o2 

126.30 

,00 

0 

.00 

.0 

LiNF 

LN02 

lu 

1 

0 

1 


.9SOOOOOO-02 

ISC. on 

2.00 

4 

.SO 

30.0 

TAP' 

FT02 

31 

1 

0 

1 


.9S000nG0-02 

10. SO 

,00 

0 

.no 

.0 

LINE 

LM03 

10 

1 

0 

1 


,9sooonon-o2 

24.00 

2.00 

4 

.so 

30.0 

VALVE 

IVOI 

31 

1 

0 

1 


.9SQO0nC0-O2 

10. SO 

.00 

0 

.00 

.0 

LiliE 

LMOM 

lU 

1 

0 

! 


.9S000000-02 

12.00 

2.00 

4 

.so 

30.0 

VAl.'/E 

CVU2 

21 

1 

0 

1 


.9S0000Q0-02 

I3S.00 

.00 

0 

.no 

.0 

LIME 

LMt'S 

IG 

1 

0 

1 


.9sooonoo-o2 

40.00 

2.00 

4 

.so 

30t0 

TAP 

ET03 

31 

1 

c 

I 


,q«;oocnoo-C2 

to. SO 

,00 

0 

.00 

.0 

LINE 

LflU6 

10 

1 

0 

1 


.9S000n00-C2 

20,00 

2.00 

4 

.so 

30,0 

EE'; 

PHOI 

32 

1 

0 

1 


.9SO00n00-02 

336. fin 

,00 

0 

.00 

.0 

LINE 

LN07 

10 

1 

0 

1 


.9S00n0G0-02 

30.00 

2.00 

4 

.so 

30.0 

ACCim 

ACUI 

0 

1 

0 

1 


.00000000 

.00 

.00 

4 

2.00 

30.0 

L.1''E 

LMGfi 

10 


0 



.93000000-02 

24.00 

2.00 

4 

.so 

30.0 

HE?; 

HXOI 

1 

1 

0 

1 


.00000000 

,00 

.00 

0 

.00 

.0 

GAS 

02-LI0 

1 

2 

0 

n 


.00000000 

.no 

.00 

0 

.00 

.0 

LINE 

LrJOP 

1 0 

1 

0 

1 


.18000000-01 

I2.no 

1 .00 

4 

.so 

30.0 

VALVE 

cvoi 

11 

1 

0 

I 


.18000000-01 

.no 

.00 

n 

.00 

.0 

LI(!E 

Lflio 

10 

1 

0 

I 


.I800CO00-CI 

I2.no 

1 .00 

4 

.so 

30.0 

PUCP 

HP 01 

21 

1 

0 

1 


,00000000 

.00 

,00 

0 

.00 

.0 

LINK 

LNI 1 

10 

1 

0 

1 


, 1 8000000-01 

160,00 

1 .so 

4 

.so 

30.0 

VALVE 

SVli 1 

21 

1 

u 

1 


. isooonco-oi 

6,67 

,00 

n 

,00 

.0 

LINE 

Lf!l2 

10 

1 

0 

1 


, isononoo-oi 

12 . on 

2 . so 

4 

.so 

30.0 

TAP 

ETC•^ 

31 

1 

0 

1 


. isoooncn-oi 

6.67 

,00 

0 

.00 

.0 

LUiF 

UNIT 

10 

1 

0 

1 


. isoonnon-oi 

24.00 

2. so 

4 

.so 

30.0 

TANK 

TKC 1 

0 

1 

0 

2 


.oooonncn 

.00 

.00 

4 

2.00 

30.0 

GAS 

H2-VAP 

2 


0 

0 


.ooooooco 

,00 

.00 

0 

.00 

.0 

Efi.ilME 

EMOl 

0 

3 

0 

0 


.00000000 

.00 

,00 

n 

,00 

.0 

line 

UP 2 1 

10 

3 

0 

1 


. 1 looonoo-oi 

110.00 

I.7S 

4 

2.00 

30,0 

TEK 

FT2I 

21 


0 

1 


. 1 lOOCOOO-Ot 

109.00 

,00 

n 

.00 

.0 

LIME 

LN2a 

|0 

1 

0 

1 


, 1 1 000000-0 1 

ISC. 00 

I.7S 

4 

2.00 

30.0 

TAP 

FT22 

31 

1 

0 

1 


. 1 1000000-01 

9,00 

.00 

0 

.00 

.0 

LIfiE 

LN23 

10 

1 

0 

1 


. 1 loncnoo-oi 

24.00 

I.7S 

4 

2.00 

30.0 

valve 

IV02 

31 


0 

1 


. 1 looonco-oi 

9.00 

,00 

n 

.00 

.0 

LINE 

LM24 

10 

1 

0 

1 


. 1 lOOOO'JO-OI. 

12.00 

I.7S 

4 

2.00 

30.0 

VALVE 

CVC4 

21 

I 

0 

1 


. 1 inoooco-ni 

86.00 

,00 

0 

.00 

.0 

LI!'E 

LM2'5 

10 

1 

0 

1 


. 1 mocnoo-oi 

40.00 

I.7S 

4 

2.00 

30.0 

tap 

FT23 

31 

I 

0 

1 


. 1 1 000000-01 

9.00 

,00 

0 

,00 

.0 

LIME 

UP 26 

10 

! 

0 

1 


. 1 1000000-0 1 

20.00 

I.7S 

4 

2.00 

30.0 

PEG 

PPi'2 

32 

1 

c 

1 


. 1 loncnoo-oi 

336.40 

,00 

n 

.00 

.0 

Lir:E 

LP2T 

10 

1 

0 

! 


,1 loncooo-oi 

30.00 

1 ,7S 

4 

2.00 

30,0 

ACr.llM 

AC02 

0 

1 

0 

1 


.oooonnon 

.00 

.00 

4 

2.00 

30.0 
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LOCKHEED MISSILES 8e SPACE COMPANY 





NAi:E 

USERS 

NAME 

'* 

********* 

*********** 

PAGE 

4 






crrr 

62 !3 


* 

THE INTEGRATED MATH MODEL * 

DATE 

IT APR 73 






EXT. 

3023S 


* 


* 

TIME 

IStOUSO 






3LD. 

lOM 


■* 

ATM307 * 

CASE 

1 






* * 

p * * * 

* * * 

* 

********* 

*********** 

* * * 

* * * * * 

* 









ACPS - TEST DFHOtlSTRATION PRORLEtl 










***** 

SYSTEM CO 

NFIGUHATION 

***** 




COUP 

COliP 

FUNC. 


Nurin. 

MATRL. 

FLOW FRICTION LINE l.ENfjTH LINE 

INSULATION 

INSULATION 

NO. LAYERS 

Name 

CMl'E 

TYPE 

OPER. 

stby. 

TYPE 


COEFICIENT OR (.-nVFR-D DIAMETER 


TYPE 

THICKNESS 

INSULATION 

LIME 

LM28 

lu 

1 

0 

1 


. 1 lOOCOOO-OI 

2 ^.fl 0 l.so 


4 

2,00 

30.0 

HEX 

HXC3 

1 

1 

0 

1 


.ooooonco 

.00 .00 


0 

.no 

.0 

GAS 

H2-L1Q 

2 

2 

0 

0 


.00000000 

.00 .00 


0 

.00 

.0 

LIME 

LM2<5 

10 

1 

0 

I 


. 1 inooooo-oi 

( 2.00 l.so 


4 

2.00 

30.0 

VAl.VE 

CVC 3 

31 

1 

0 

1 


. 1 looonno-ni 

9.00 .00 


0 

.00 

.0 

LIME 

LC30 

10 

1 

n 

1 


. 1 looonon-ot 

12.00 I.SO 


4 

2.00 

30.0 

f'UlIP 

IIP02 

21 

1 

0 

1 


.onooonon 

,00 .00 


n 

.00 

.0 

Llt'.E 

Lti-Jt 

(U 

1 

0 

1 


. 18000000-01 

'20.00 2.00 


4 

2.00 

30.0 

valve 

SVC2 

2t 

1 

0 

1 


. 1 8000000-01 

s.on .00 


0 

.00 

.0 

lice 

um 

lu 

1 

0 

i 


.18000000-01 

•a . 00 2.00 


4 

2 . on 

30.0 

TAP 

FTiJH 

31 

1 

0 

1 


.inoocooo-oi 

‘i.60 ,00 


0 

.00 

.0 

LIt'E 

Lll"}! 

10 

1 

0 

1 


. 19000000-01 

2 L.C 0 p.on 


4 

2.00 

30.0 

TAMK 

TkC2 

U 

1 

0 

?. 


.00000000 

.00 ,00 


4 

2.00 

30.0 

EMI' 


0 

0 

0 

0 


.00000000 

,00 ,00 


0 

.00 

.0 
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LOCKHEED MISSILES & SPACE COMPANY 



NAI'E USERS 

liAriE * * * * it 

* 

* * 

* * * 

***** 

it 

* * * * page 


s 



rrPT 6213 

* THE 

iriTEGRATEO MATH MONEL 

* DATE 

17 

APR 73 



EXT. 3023S 

★ 






* TIME 

ISIOI lS| 



Bi.n, 104 

* 



AT4307 


* CASF 


1 



it it it if ic •it 

itititititiiitic 

* 

* * 

* * * 

* ^ 

* 

******* 

* 

***** 




ACP 

s 

- TE 

ST OEHONSTRATICM 

PROBLEM 






***** D (I 

T 

Y 

CYC 

L E DA 

T 

A ***** 




OPEH.TlMr. 

r;ori-cPERATiN<3 

i;iB-DEGRAD. UNITS OPER. 

MoaSEPOWER 


AMR. PRESSURE 


POWER-KW 

repres.time 

.^SHC0000+01 

tSMCOOOOO+03 

.90000000+00 


3 


.00000000 


.00000000 


.00000000 

.00000000 

i6isoopon+oi 

•TRTSOOon+OM 

.90000000+00 


3 


.00000000 


.00000000 


.ooonoooo 

.00000000 

iisbijooon-t.oi 

.20'?4C00n+04 

.90000000+00 


3 


.00000000 


.00000000 


.00000000 

.00000000 

;Te8(;ouon-i.o2 

.s36r.coon+o3 

.90000000*00 


3 


.00000000 


,00000000 


.00000000 

.00000000 

;7mcoonn+ui 

.2i1fi 1000(1 + 04 

.90000000+00 


3 


.00000000 


,00000000 


.00000000 

,00000000 

i3'iHCOuon+oi 

.SR30G00n+03 

.90000000+00 


3 


.00000000 


.cocoonoo 


.00000000 

.00000000 

;66icooon+i)2 

.S36nooon+o3 

.90000000+00 


3 


.00000000 


.oooonnoo 


.00000000 

.ooonoooo 

i3230U00n*0? 

.71400000+03 

.90000000+00 


3 


.00000000 


.00000000 


.ooonoooo 

.00000000 

; 1 ouiin+(i3 

.S6?nnnon*n3 

.90000000+00 


3 


.00000000 


,00000000 


.00000000 

,00000000 

m«'C'Coon*iJ2 

. 16760000+04 

.90000000+00 


3 


.ooooooco 


,00000000 


.00000000 

,00000000 

1 16it)0uor)*o2 

.S7i048(i0 + 06 

.90000000+00 


3 


.00000000 


.00000000 


.00000000 

.oonnonno 

lotu'oonn+o^ 

.90F.I)0000 + 04 

.90000000+00 


3 


.ooooooco 


,00000000 


,00000000 

,00000000 

iocuC'Ontin 

looQGCcn+oi 

.00000000 


0 


.00000000 


.00000000 


.ooonoooo 

.oooonnoo 


cn 

CO 
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LOCKHEED MISSILES & SPACE COMPANY 


hAi:t: USERS NAME n***********-********* PAGE f> 

DEPT 6213 * the integrated HaTH MODEL * DATE |7 APR 71 

EXT. loaiS * * TIfiE ISJOHSI 

BLD. lOM * ATM107 * CASE I 

tlr***«4r'***«r****«****4t**i^*««t*****1^******* 

ACRS - TEST DEMOtiSTRATIfiN PROBLEtl 


***** engine I> a T fi ***** 


3 

,1S00000C*03 
, 1*0000000+03 
. I7SOOOOO+04 
.2SOOO00C+O3 
,^0000000*02 
,M0000C0C*0l 


miMOER OR ENGINES 
GAS INLET TEMP. 
GAS II4.ET PRES. 
ENGINE THRUST 
CIIAUBER t'RES. 
EXPANSION RATIO 
MIXTURE RATIO 


os 

o 
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LOCKHEED MISSILES & SPACE COMPANY 


HACE USERS f:AMR ****** 
lEPT 6211 * THE 

EXT. 1021S * 

aiD. lO'l * 

*************** 


*************** page 7 
INTEGRATEn MATH MODEL * DATE IT APR 71 

* TIME IStOllSl 

ATM107 * CASE I 

************************ 


ACf’S - TEST DEMOHSTRATlCfl PPOPLEM 


***** TANK DATA ***** 


05 


I 

1 

2 
2 
2 

. I6SOOOOO+01 
. 16000000+02 
.17000000+01 
,26700000+0? 
.1ITCOOOC+C2 
. 20000000+00 
, 20000000+01 
.00000000 
.icnonooo+oi 
.SC660C00+0 I 

.ocoooooo 

.00000000 

.00000000 

.pooooono 

.00000000 

.ocoooooo 

.00000000 


I 

1 

2 
2 
2 

.17000000+02 

.16000000+0? 

.^oocoooo♦o^ 

.19100000+02 

.24100000+02 

. 10000000+00 

, 20000000+01 

.00000000 

. 10000000+01 

.sooooono+oi 

.OOOOQOOP 

.00000000 

.00000000 

,00000000 

.00000000 

.cooooooo 

.cooooooo 


NUr'iRER OPERATING (NOP) 
ACOUISITION TYPE 
INSULATION TYPE 
MATERIAL TYPE 
PRESSURIZATION TYPE 
llilTlAL TEMPERATURE (R) 

initial pressure 

PRESSURANT GAS TEMp, (R) 
OPERATING PRESS. (PSIA) 
VENTING PRESSl.iPE 
HEAT PLl'X (F)Tlt/HR-FT**2) 
II.'SHlATIOM THIEKNESS 
INITIAL EI.UIO LOAD (OPT) 
PlRCEMT in.LAGE VOLUME 
maximum (MAMETER (FT) 

HEX outlet TEMP. (R) 

HEX DELTA TRESS. (PSIA) 
PUHP DELTA PRESS. (PSIA) 
GAS GFN OUTLET TEMP (R) 

P sun C OF GAS GEN (PSiA 
GAS GEN MIXTURE PATIO 
NUMBER ir:SULATIO(; LAYERS 


I 

0 


TAfiK weight-configuration OPTION CONSIDERED 
NUtiF.ER OF TANK SHAPES IN CONFIGURATION 
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LOCKHEED MISSILES & SPACE COMPANY 


rArr usrRS namf ********i'****i> ******* page n 
tnri 6213 * the integrated math model * DATE (7 APR 73 

EXT. 3023*5 * * TIME |'5t0ll'>| 

EIX, lUM * Am307 * CASE I 

*************************************** 

ACPS - TEST DEMoHSTPATIoN PROBLEM 

***** accumulator data ***** 


I 

I 

.isnooono+03 
.2C0C0C00+0M 
. lOOOOCOO+00 

,2cnooono+oi 

.2snooono+oi 

.2ct;ooono+oi 

.scnooooo+03 

.oconoono 


I 

H 

I 

.3SOCOOOO+03 

.20000000*04 

. 20000000*00 

. 20000000*01 

.72SCOOOO+02 

.S200000C+0I 

.^0000000*03 

.00000000 


NUMBER OPERATING (NOP) 
II.SUI.ATION TVPF 
material TYPE 
OPERATING TEtiP, (DEG R) 
OPERATING PRESS. (PSIA) 
heat FlUX (BTU/HR-FT*«2) 

insulation thickness 

TANK VOLUME (CU. FT.) 
MAXIMUll DIAMETER (FT) 
NONIMAL OFFR. DELTA PRES 
NUMBER INSULATIOf; LAYERS 


05 

CO 
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LOCKHEED MISSILES 8t SPACE COMPANY 


l-AI'E user*; name ********************* PAGE 9 
DEFT 6Sn * the INTEfiPATED HATH MCPEL * DATE 17 APR 77 

EXT. 7023'; * * TIME (•;:0I tS| . 

El.[ . low * AT4307 * CASE I 

‘*«****ti-** ****************************** 

ACPS - TEST DEHmiSTnATIOH PROBLEM 
***** HEAT exchanger PATA ***** 


NUMBER or HEAT EXCHANGERS If^PUT = I 


oxygen 

1 - 

HYOROGEfi 

" 2 • 

oxygen hydrogen 

• 3 “ 

oxygen hydrogen 

- w - 

OXYGEN HYOROGCN 

- s - 

OXYGEN HYDROGEN 

HEAT exchanger NUMBER 

2000, n 

2000. C 

.0 

.0 

.c 

.0 

.0 

.0 

.0 

.0 

HEX 

HOT INLET TEMP. 

1 loo.n 

IC20.C 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

HEX 

HOT outlet temp. 

173.0 

wn.o 

.0 

.0 

.c 

.0 

.0 

.0 

.0 

.0 

HEX 

COLD INLET TEMP. 

3S0.0 

3S0.C 

.c 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

HEX 

COLD OUTLET TEMP. 

Ews.n 

sor.o 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

HEX 

HOT INLET PRES. 

Eis.n 

'>70.0 

.0 

.0 

.c 

.0 

.0 

.0 

.0 

.0 

HEX 

HOT OUTLET PRES, 

21^30. n 

20I0.G 

.c 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

HEX 

COLD inlet pres. 

2 L' 0 ').n 

acoo.o 

.0 

.0 

.c 

.c 

.0 

.0 

.0 

.0 

HEX 

COLD outlet PRES. 

30.0 

JO.C 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

HEX 

HOT SIDE OELTA-P 

30.0 

10. 0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

HEX 

COLD SIDE DELTA-P 

1 .0 

l.c 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

HEX 

GAS OEM, 0/E PATIi 


05 

CO 
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LOCKHEED MISSILES & SPACE COMPANY 


i:ai:e users name * » 

LErT 6213 * 

F.XT. •’.023S * 

El.f', lOM * 


*************4^***** PAGE 10 

the I NTF.gr ATEO math model * DATE |7 APR 73 

* TIME »S:OltS1 

ATMTOT * CASE I 

**************************** 

ACPS - TEST nEHONSTRATlON PPOBl.EM 


♦•**** HIGH PRES PUMP DATA ***** 


2 

,S 2 oooono+oo 

.87000000+01 

.2COOOOOO+OS 

.2C230000+0M 


2 TYPE 

.EMOOOOOO+00 EEFICIEMCY 
.11000000+01 NET + SUCTION HEAD 
.7000000C+OS SHAFT SPEED 
.20230000+OR ESTIMATED DELTA PRES. 


***** LOW PRES 


P U 11 F DATA ***** 


.00000000 

.00000000 

.00000000 

.ccoooooo 


.00000000 

.00000000 

.CQOOOOOO 

.00000000 


PUMP EFFICIENCY 
LET P05. SUCTION HEAD 
PUMP PRESSURE RISE 
PUMP flok Rate 


***** TUP P) I ME data ***** 


05 


.SSOOOOOO+00 
.20000000+04 
, I 1600000 + 04 
,S9!onnon+oo 
.25000000+03 


.36000000+00 
.20000000+04 
. I 1600000+04 
.89100000+00 
.50000000+07 


turbine efficiency 

TURBINE INLET TEMP. 
turbine outlet TEMP. 
TURBINE NIXTURE RATIO 
turbine gas gen, psunc 
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LOCKHEED MISSILES fit SPACE COMPANY 


('ArP USERS KAf^,fr I********************* page I I 
IFf'T 6213 * THE INTEGRATED t^ATH MODEL * DATE 17 APR 73 

EXT. 30P3S * * TIME IS:0US2 

ELI '. I 0^ * ATRTOT * CASE I 

iiltilitililiilt'kitifiliiliiliiliiilii'ilililiiltif'kilililiilt******* 

ACPS - TEST DEUOMSTRATION PROPl.EM 
***** HEAT SOURCE DATA ***** 

NUMBER OF HEAT SOURCES INPUT s I 


- 

t “ ■" 

?. - 


_ 

3 - 



R - 


. 

s - 


heat 

SOURCE 

MUMPER 

PX.V6EM 

HYpr.nGFK OXYGEll 

hydrogen 

oxygen . 

hydrogen 

oxygen 

HYdROGEI! 

oxygen 

hydrogen 




1 

1 0 


0 

0 


0 

0 


0 

0 


0 

HEAT 

SOURCE 

TYPE 

1.0 

'.0 .0 


.0 

.0 


.0 

.0 


.0 

.0 


.0 

heat 

SOURCE 

MTX. PATIO 

2060.0 

2 C 60 .C .0 


.0 

.0 


.0 

.0 


.0 

.0 


.0 

HEAT 

SOURCE 

OUTLET TEMP. 

.0 

,0 .0 


.0 

.0 


.0 

.0 


.0 

.0 


.0 

HEAT 

SOURCE 

AV/AIl, ENERGY 

2 MS .0 

son.c .0 


.0 

,c 


.0 

.0 


.c 

.0 


.0 

HEAT 

SOURCE 

PRESSURE 


03 

cn 
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MAIT USE:r.S NAMF ************ *****»»*** p^OE 12 
[.■nf’T 6?n * THE IfiTEGR&TEO fU,TM MCfEL * 0&TE IT APR 71 

EXT. ?j21S * * TIME i‘>:nu«>i 

ELr. loli * AT4107 * CASE I 

*************************************** 

ACPS - TEST DEMONSTnATIOM PROBLEM 


*** imitiate program and charactertze consumer parameters **♦ 


* COMPUTED ENGINE PARAMETERS * 


engine ISP 

euGlNE height - (LRS) 
total engine flow - (LR/SEC) 

ONE ENGINE OXID.FLOW PATE-ILR/SEC) 
ONE ENGINE FUEL FLOW RATE-(LR/SEO 
THRUST inpULSE PF.OFELLAMT WGT, 


.N6TI206P+ni 
.ISO17S00+01 
,l2'^R7PS0+02 
,R«X502BrM*ni 
,2NP7S70l+ni 
,S l7R46l7+nu 


05 

05 
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LOCKHEED MISSILES 8t SPACE COMPANY 


USERS NAMR ft******************** PAGE H 
r-ERT 62n ‘ * THE I^TECRATEP MATH MODEL * DATE 17 APR 73 

EXT. * * TIME IS»0llS3 

FLr. I OR * ATR307 * CASE I 

*****it*** ****************************** 

ACRE - TEST DEHOnSTRATIOM PROBLEM 
*** COMPIITEO FLOWRATE DATA *** 



OXIPYZER 

FUEL 

I'DOT OX-TIJEB.-G.G, 

.SSl.T'Jf'-OI 

.6ie6RG-0| 

LOOT liY-TUF\B.-G.G, 

.TTOOIGfOn 

,mS2RI+00 

WPOT ECT|; TURP.-GG 

.^?SI^I+00 

,R77I«;UOO 

LOOT OXY HEX.-G.G. 

.300310+00 

, 300310+00 

LOOT HYP HEX.-G.G. 

.I32*;9M + P| 

, 1 32BQR+0I 

WDOT nOTK KEX.-G.fi 

. I6262G+0I 

. IG2G26+0I 

TOTAL FLOWRATE ** 

.l20m7+02 

.RA0098+0I 


crs 

-a 
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f-AlE users name ********************* PAGE tM 
DEFT 62 n * THE INTEGRATED HATH MODEL * DATE IT APR 71 

EXT. 1023S * * TIME ISlOl iSl 

ELD. lO'l * ATmoT * CASE I 

A*******************. Aw***************** 

ACPS - TEST DEMONSTRATION PROBLEM 


*** SUMMARY Op cCMPIITED SYSTEM. cONriG'’RATlOM PARAMETERS *** 


F 

CODE 

FT 

NO 

NS IS IDX 

C 

GS 

FCOEF 

L/D 

0!At; 

I THICK 

PRES 

TEMP 

WDOT 

WEIGHT 

hach 

CAS 

02-VAH 

1 

1 

C 

1 1 


1 

.000000 

,0000 

.0000 

.0000 

.GO 

.00 

.00 

.000 

.0000000 

Ei;c 

ENGI 

0 

1 

C 

i 

1 c. 

1 

1 

,000000 

.0000 

,0000 

.0000 

Mon.no 

ISO, 00 

9,99 

IS9.37S 

.0000000 

LIU 

LNOI 

0 

1 

C 

1 1 

1 

1 

.009S00 

1 1C. 0000 

2.0000 

.scon 

MOO. IS 

ISO. on 

9,99 

4.009 

. I1079S3 

TED 

FTUI 

1 

1 

0 

1 M 

1 

1 

,on9snn 

126.3000 

2.0000 

.0000 

M07.M9 

ISO. 00 

9,99 

.413 

, ijfinflss 

LIN 

LN02 

0 

1 

c 

1 s 

1 


.COYSOO 

iSC.OCOO 

2.0000 

.soon 

411.66 

3So.no 

9,99 

S.466 

. IP6SM42 

TAP 

FTU2 

1 

1 

c 

I 6 

1 

1 

.COYSOO 

ic.sooo 

2.0000 

.0000 

m2.2S 

ISO. on 

12, OU 

.142 

. IS2271I 

LIN 

LNOl 

0 

1 

c 

i 7 

1 

1 

.copson 

2M.C000 

2.0000 

.soon 

m3. 21 

ISO. 00 

12.04 

.87S 

.ISl BS09 

VaL 

I Vo 1 

1 

1 

G 

1 H 

1 

1 

, 009 R 00 

1 0 . soon 

2.0000 

.0000 

4 lU.oS 

ISO. 00 

12.04 

6.114 

. ISI4RU0 

LIN 

LNUM 

0 

1 

0 

1 *’ 

1 

1 

. G 09 R 00 

12.0000 

2.0000 

.soon 

mu. S3 

ISO, on 

12.04 

.417 

, ISI27SS 

VAL 

CVU2 

1 

1 

c 

1 10 

1 

1 

,0O9SOO 

ns. 0000 

2.0000 

.0000 

^^s.ls 

3S0.00 

12, OU 

4.4C6 

. IU67768 

LIN 

LNOS 

0 

I 

0 

1 1 1 

1 

1 

.009SC0 

MC.OCOO 

2.0000 

.soon 

426.70 

3Sn.on 

12.04 

1 ,4Sfl 

. 1461381 

TAP 

PTul 

1 

1 

0 

1 12 

1 

1 

.009S00 

IC.SGOO 

2.0000 

.0000 

U27.SI 

3So.no 

12. OU 

.342 

, iuspn60 

LIN 

LNU6 

0 

1 

c 

1 13 

1 

1 

. 009 SU 0 

2C.CC00 

2.0000 

.soon 

42P. 29 

3S0.00 

12.04 

.729 

, |USU9|S 

REG 

PRUI 

2 

1 

c 

1 IM 

1 

1 

.C09SC0 

136.8000 

2.0000 

.0000 

I7SO.OO 

ISO, on 

12.04 

9.630 

.0000000 

LIN 

LM07 

0 

1 

c 

1 Is 

1 

1 

, 009 S 00 

30,0000 

2,0000 

.soon 

17=0.20 

ISO. 00 

12.04 

1.913 

,0180427 

ACC 

ACUl 

u 

1 

c 

1 16 

1 

1 

.coonno 

.0000 

.0000 

2.0000 

2000.00 

3SO.OO 

12,04 

,000 

,0000000 

LIN 

LNU8 

0 

1 

0 

1 17 

1 

1 

.C09S00 

^^.ocoo 

2.0000 

.scon 

2000.14 

ISO, on 

12.04 

1 .S3I 

.0ISS2U0 

HEX 

HXCI 

1 

1 

c 

1 la 

1 

1 

,000000 

.0000 

.0000 

.0000 

2022.29 

173,00 

12,04 

22.6SS 

.0000000 

G aS 

02-LI0 

1 

2 

G 

I 1 Y 

1 

2 

,000000 

.0000 

.0000 

.0000 

2022.29 

173.00 

12.04 

.000 

.ooonnoo 

LIN 

LHC9 

0 

1 

0 

1 20 

1 

2 

.olanoc 

12.0000 

1 ,0000 

.soon 

2023.94 

173.00 

l?,04 

.3e3 

,0000000 

VAL 

CVOI 

1 

1 

0 

1 21 

1 

2 

,018000 

.0000 

1 .0000 

.0000 

2023.94 

171,00 

12.04 

9.000 

,0000000 

LIN 

LNIO 

0 

1 

0 

1 22 

1 

2 

,018000 

12.0000 

1 .0000 

.scon 

202S.S8 

171,00 

12.04 

.183 

.0000000 

LIN 

LNil 

0 

1 

c - 

1 28 

1 

2 

.cisnoo 

2Y,0C0n 

2 . soon 

.soon 

IS. 97 

I6S.00 

12,04 

1 .093 

.0000000 

TAP 

FTOM 

1 

1 

c - 

1 27 

1 

2 

,cisoon 

6,6700 

2 ,snoo 

,OQCO 

IS.9S 

l6s,on 

12,04 

.SIM 

.0000000 

LIN 

LNI2 

0 

1 

0 - 

1 26 

1 

2 

,0 isooo 

12.0000 

2.SO00 

.soon 

IS. 94 

I6S.00 

12.04 

.SM7 

.0000000 

VAL 

SVOI 

t 

1 

0 - 

1 ?S 

1 

2 

.OlSdOO 

6.6700 

1 .snoo 

• noon 

IS. 79 

I6S.00 

12.04 

4.142 

,0000000 

LIN 

LN 1 1 

0 

1 

0 ' 

1 ?M 

1 

2 

,016000 

160.0000 

1 .soon 

.soon 

12.98 

I6S.00 

12.04 

4.173 

.0000000 

PUN 

HPOl 

1 

1 

0 • 

1 23 

1 

2 

,000000 

.0000 

.0000 

,0000 

12.98 

i6S.nn 

12,04 

73.362 

,0000000 

TAN . 

TKUl 

0 

1 

0 

1 29 

1 

2 

,000000 

.0000 

.0000 

2,0000 

16.00 

I6S.00 

12,04 

.000 

. 0000000 


MPLAG 
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liANE USERS 

NAME * * * 

****** 

* * * * 

♦ * * * 

it it it it 

PACE 

IS 








PEPT 6213 


* 

THE INTEGRATED MATH MODEL 

* 

DATE IT 

APR 73 








EXT. 3023S 


* 




* 

TIME IS: 

02100 








hLP. lOM 


it 


ATM'?07 


* 

CASE 

1 








★ llf ★ 

★ * 

it Hr 

it Hr it it 

it it it it it it 

it it it it 

it it it it 

* * * * 

* * * * 

* * * * * 












ACPS - TEST DENiONSTRATIOM 

problem 











SlillMAFY 

OF COMPUTEfi SYSTEM 

COMFIGI'EATION parameters 

- CONTD. 

*** 



F 

COUE 

FT 

NO 

NS IS IPX 

G 

GS 

FCOEF 

l./O 

DIAM 

ITHICK 

PRES 

TEMP 

hdot 

WEIGHT 

MACH 

CAS 

hS-VAP 

2 

1 

0 

1 30 

2 

1 

.coonoo 

.0000 

.0000 

,0000 

.00 

,00 

.on 

.000 

,0000000 

EliC 

EMOl 

0 

1 

c 

i 

2 

1 

,000000 

.0000 

.0000 

.0000 

MOO. 00 

3S0,00 

2 . so 

IS9.37S 

.0000000 

LIN 

LN2I 

(1 

3 

c 

1 32 

2 

1 

.01 1000 

1 IG.OOOO 

1 .7S00 

P.OOOO 

MOO. IP 

3SO,00 

2 . so 

3. SOB 

.209S926 

TFE 

FT2I 

1 

1 

c 

1 11 

2 

1 

.01 1000 

109.0000 

I.7S00 

.0000 

MOI .92 

3S0.00 

2 .Sn 

.331 

.20R6M92 

LIN 

LM22 

0 

1 

f) 

1 m 

2 

1 

.01 1000 

ISO. 0000 

1 .TSno 

2.0000 

Mn3.33 

3S0.00 

2 ,sn 

M.783 

.2079167 

TAP 

FT22 

1 

1 

c 

1 IS 

2 

1 

,01 1000 

s.ocoo 

I.7S00 

.0000 

1I03.MR 

3S0,00 

M.60 

.262 

.382879S 

LIN 

LN23 

0 

1 

0 

1 36 

2 

1 

.01 1000 

2M.0C0G 

1 .TSno 

2.0000 

M0M.2M 

3 sn.on 

M.6n 

,T6S 

.3«2ISU0 

VAL 

IVU2 

1 

1 

0 

1 17 

2 

1 

.01 1000 

9.0000 

1 .7Sno 

.0000 

MnM.TM 

3S0.00 

M.6n 

6.121 

.38 |68n2 

LIN 

LN24 

0 

I 

0 

1 38 

2 


,01 1000 

12.0000 

1 .TSno 

2 . neon 

MnS . 12 

3Sn.on 

M.6n 

.383 

.3B|3?nS 

VAL 

CVUM 

1 

1 

c 

1 39 

2 

1 

,01 1000 

86.0000 

1 .7snn 

.coco 

M09.86 

3S0.00 

M.60 

M.2SS 

.37689S8 

LIN 

LM2S 

u 

1 

0 

i MO 

2 

1 

,CI 1000 

MO. 0000 

1 .7S00 

2.0000 

M 1 1 . 1 1 

3S0.00 

M.60 

1 ,27S 

.37S7M36 

TAP 

FT21 

1 

1 

G 

1 Ml 

2 

1 

,01 1000 

9.C000 

1 .7S00 

.0000 

M 1 1 .60 

3S0.00 

M.60 

.262 

.37S293? 

Llf! 

LN26 

0 

1 

u 

1 M2 

2 

1 

,01 1000 

20.0000 

1 .7S00 

2.0000 

Ml?. 2? 

3S0.00 

M.6P 

.638 

.37M723S 

RFC 

PPU2 

2 

1 

0 

1 *<1 

2 

1 

,GI 1000 

336. Moon 

1 .7Snc 

.0000 

iTsn.oo 

3S0.P0 

M,6n 

9.392 

.0000000 

LIN 

LM27 

0 

1 

0 

1 MM 

2 

1 

,01 1000 

30.0000 

1 .7S00 

2.0C0O 

I7S0.2M 

3Sn,on 

M.60 

1 .67M 

.0938032 

ACC 

aCU2 

u 

1 

c 

1 MS 

2 

1 

,000000 

.0000 

.oono 

2.0000 

ponn.nn 

3sn,oo 

M.60 

.000 

.0000000 

LIN 

LN28 

u 

1 

c 

1 M6 

2 

1 

,01 1000 

PM. 0000 

1 .soon 

2.0000 

poon.36 

3sn.on 

M.60 

1 . IMR 

.1 132123 

HEX 

HXUl 

1 

1 

c 

1 M7 

2 

1 

,000000 

.0000 

.0000 

.coco 

2010.19 

M2. on 

M,60 

61.123 

.0000000 

CAS 

H2-LIP 

2 

2 

c 

1 Me 

2 

2 

,000000 

.cooo 

.0000 

.0000 

20 in. |9 

M2, on 

M,60 

.000 

,0000000 

LIN 

LM29 

0 

1 

0 

1 M9 

2 

2 

,01 1000 

12.0000 

i.snno 

2.0000 

poin.23 

M2. on 

M.60 

,S7M 

.0000000 

VAl. 

CVOT 

1 

1 

0 

1 SO 

2 

2 

, 01 lonn 

9. 0000 

i.snno 

.0000 

POin .28 

M2, 00 

M,60 

9.2IM 

,0000000 

LIN 

LN30 

u 

1 

0 

1 SI 

2 

2 

.01 1000 

12.0000 

1 .snno 

2.0000 

poin.3? 

M2, 00 

M,6n 

,S7M 

.0000000 

LIU 

LN33 

u 

1 

0 - 

1 S7 

2 

2 

,013000 

2M.0000 

p.onno 

2.0000 

IS. 97 

37.00 

M,60 

.B7S 

.0000000 

TAP 

FT2M 

1 

1 

c - 

1 S6 

2 

2 

,013000 

S.6000 

p. or.no 

,0000 

IS. 96 

37,00 

M.60 

,3M2 

,0000000 

Lit: 

LM2 

0 

1 

0 - 

1 SS 

2 

2 

.OlfiOOO 

12.0000 

p.onno 

2.0000 

IS.OM 

37,00 

M.6n 

,M37 

.0000000 

VAL 

SVU2 

1 

1 

0 - 

1 SM 

2 

2 

,018000 

S.6000 

p.onoo 

,0000 

IR.93 

37,00 

M.60 

M.M06 

.onnoono 

Lir: 

LM3I 

u 

1 

0 

1 S3 

2 

2 

,016000 

I2C.0C00 

P.onno 

2.0CC0 

IS. 77 

37.00 

M,6n 

M.373 

.0000000 

PLU 

HPU2 

1 

1 

0 

1 S2 

2 

2 

,000000 

.0000 

,0000 

.0000 

IS. 77 

37.00 

M.60 

3M.S69 

,0000000 

TAf; 

TK02 

0 

1 

0 

1 S8 

2 

2 

,000000 

.0000 

,0000 

2.0000 

16. CO 

37.00 

M,60 

.000 

.0000000 


MFLflfi 
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LOCKHEED MISSILES & SPACE COMPANY 


I'Ai'E USERS KAUF * * ************* H it * * * PAGE 16 
C'F.rT 6213 " * the INTEGRATED MaTH MODEL * DATE IT APR 71 

EXT. 3023'5 * * TIME ISt02l0l 

BUr. I OH * AT4307 * CASE I 

*************************************** 

ACPS - TEST DEMOHSTRATIOH PROBLEM 

*** SUMMARY OF COMPUTED HEAT EXCHANGER CHARACTERISTICS *** 


FOR UNITS 


HEAT EXCHANGER CHARACTERISTICS 

COLD FLUID IMLET TEMP 
COLD FLU TO Outlet temp 
COLD FLUID SPECIFIC HEAT 
COLD FLUID FLOU RATE 
HOT FLUID INLET TEMP 
HOT FLl.'ID CUTLET TEMP 

hot fluid specific heat 

HOT FLlilD FLOW RATE 
COLD SIDE EFKECTIVEflEsS 
HOT SIDE EFFECTIVENESS 
TOTAL effectiveness 

HEX SljOU(;lT TYPE *** 

THEPML conductance RATIO 
HOT FLUID FLOW RATE. 

COLD FLUID delta - P 
capacity ratio 
(lunrER OF TRANSFER UNITS 
CONFUTED VAL'JF OF UA 
COUFUTEO value of W/UA 
weight OF SUBUNIT 

HEX SUBUNIT TYPE *** 

THELML CONDUCTANCE PATIO 
HOT FLUID FLOW RATE 
COLD FLlilD DELTA - P 

capacity ratio 

HUNPER OF transfer UNITS 
computed V'ALUE of UA 

cohpijTED Value of w/ua 
\;EIGHT of SUBUNIT 

WEIGHT OF HEAT EXCHANGER 


HXOI 

HX03 

OXYGEN 

HYDROGEN 

,173000+03 

,420000+02 

,3S0000*03 

.350000+03 

.UfiSGRT+OO 

,373836+01 

,l20m7+02 

,460048+01 

,2ooof)n+nN 

.200000+04 

. 1 lOOOO+ON 

.102800+04 

.|8S21(S+0I 

,184704+01 

,620022*00 

,245072+01 

,S6880I-0I 

,157303+00 

,NR26| 1*00 

,446425+00 

.S8Ri‘R(+00 

,653728+00 

SUP-CRITICAL 

SUP-CRITICAL 

,784822+00 

.551711+00 

,32306S+00 

.101027+00 

,78044R+0I 

.171141+00 

,116884+00 

.174012-01 

,715320+00 

,641449+00 

,1541 n+04 

.464504+03 

,587501-02 

,644877-02 

,137806+02 

.418089+01 

parallel-flo 

PARALLEL-FLO 

,740265+00 

,140564+01 

,247075+00 

.284469+01 

,143533+02 

.465754+01 

,707778-01 

.24R47I+00 

,764651+00 

,804568+00 

,152474+04 

,157405+05 

,582023-02 

,371 124-02 

,887461+01 

,564331+02 

.226552+02 

.61 1230+02 


-4 

O 
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lUl'F. USERS N'AME ************* 11 ******* PAGE 17 
DEPT 6211 * THE INTEGRATED IUT,H MODEL * DATE 1 7 APR 73 

EXT. 1023S * * TIME ISI02I0I 

El.D, I0^ * ATm07 * CASE I 

****«****************<(****************’* 

ACPS - TEST DEHOHSTRATION PROBLEM 

**•* SUfU-lARY OF COMPUTED HEAT EXCHANGER-GAfi GENERATOR CHARACTERISTICS *** 


GAS GEtlERATOR CHARACTERISTICS 

GAS GEL, FLO'J RATE - (LB/SEC) 
CAS GFi;. propellant WGT.-ILBS) 

GAS GEMErATOR WEIGHT - (LRS) 

''EIGHT OR HEX-GAS GEN. ASSV. 

cumi'latI'/e Gas gem. prop, wtg, 

Cl'liULATiV'E MEAT REDO. - (PTU) 
CL'fUiLATlv/E MOT FLUID - (LRs) 


OXYGEN 

HYDROGEN 

,520<»2R+00 

.2«S072+0| 

,2S74fl4*01 

. I2216U0N 

. I36IS6+02 

.161016402 

,16273fl+02 

.7722M6f02 

.2S7Hfl't+01 

. I2216U0H 

.000000 

.000000 

.noopoo 

.000000 
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LOCKHEED MISSILES a SPACE COMPANY 


NACE USERS NAME ****** ************* * * PAGE 18 
rEf-T 6213 * THE INTEGRATED H/iTH HODEL * DATE 17 APR 73 

EXT. T023R * ' * tine IS»02i02 

PUr. lOM * ATH307 * CASE I 

«*****«*«r*At**«*******w****** *********** 

ACPS - TEST 0EH0N5TRATI0H PROBLEM 

*** SUMMARY OF COMPUTED PUMP CHARACTERISTICS FOR THE SYSTEM *** 


PI'MP CHARACTERISTICS 

temperature 

pressure 

Fl.01) RATE 

delta-pressure 

fPSH AVIALAP.LE 
l:EfiSITY OF fluid 

liUnnEP OF STAGES REOD. 

COMPUTED NFSP READ 
computed FL'HP EFF. 

COMPUTED PUMP VOL. 
compiited pump WGT. 

COMPUTED PUMP PWR. 

computed pump spd. 
selected pump option 

*** SUMMARY OF COMPUTED TURBINE 

TURBUIE characteristics 

TURP.IIJE ROTOR MEAN DIAMETER 
l.GT, tip PV-R. TRANSMISSION ASSY 
V.’OiT. OF TUp.BIME ROTOR 
WGT. OF MANIFOLD AMD NOZZLE 
!,’EK-HT of IMDIICER 
W'EIGHT OF TURBINE ASSY. 

*** summary of COMPUTED TURBINE 

CAS OEiiEp.ATOP. CHARACTERISTICS 

GAS GEf!. FLOW RATE - (L8/SEC) 

GAS GEl!. PROPELLANT WGT. -(LBS) 

GAS GENERATOR WEIGHT - (rBS) 


OXYGEN 

HYDROGEN 

.I6S000+03 

.370000+02 

. I2«)7S7*02 

.IS7742+02 

.!20m7+02 

.460098+01 

. 201261 +nW 

. I 094S4 + 04 

.BTOOcn+ni 

. 1 ionoo+ 0 ) 

.708162+02 

.443309+01 

1 

.218270+01 

S 

.3362SI+00 

.72SS2ri+no 

.766746+00 

.‘t‘>06!7 + 02 

.133186+03 

.m6742+0l 

.389000+01 

. I23MOB+03 

.706864+03 

.i7u'5an+os 

.834961+08 

2 

2 

characteristics for 

the system *** 

OXYGEN 

HYDROGEN 

.05066B+OI 

,274264+01 

.I37S 16+02 

.103401+02 

.606344+01 

.233872+00 

.339364+02 

,140021+01 

.SOOOOO+OI 

.800000+01 

.S96SIS+02 

.186073+02 

GAS generator CHARACTERISTICS *** 

OXYGEN 

HYDROGEN 

.B79073-0I 

.884876+00 

.364S34+02 

.229972+03 

.122426+02 

.123712+02 
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LOCKHEED MISSILES 8i SPACE COMPANY 


kai'f: users name ****** 
rrpT 6?n * the 

EXT. ■5021S * 

eLE. um * 

*****-kic** ****** 

ACPS 
*** IHITIAL 


MUMEER OF TANKS 
MATER-IAl. tyre 
FLUID V;GT. (TOTAL) 
FLUID VOl.UME /T4NK 

rcT Acurn cyl sect 

:IAI!ETCR (FT)/TAMK 

surface area /tank 

TANK VOUiME / TANK 
tank UGT. (LB) TOT 
I'F.AT leak ETU/n/FT 


*************** 

INTEfiRATEO NATH MODEL * 

* 

ATHT07 * 

*************** 

- TEST OENOMSTRATION PROBLEM 

TANK SIZING CALCULATIONS *** 
OXYGEN 

1 

2 

,SI0m*0N 
,720133+02 
.lOGOSR+OO 
,«50A60n+0l 
.BBS 106+02 
,742612+02 
,426<>06+02 
.itTSOBR-OP 


-q 

M 


PAGE l<» 

DATE 17 APR 73 
TIME |S:02l01 
CASE I 

********* 


HYDROGEN 

1 

2 

, |OMfl20+04 
,439468+03 
,197408+02 
.soonoo+oi 
.388627+03 
.9S10S9+03 
, IO26S0+03 
.3238S6-0I 
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LOCKHEED MISSILES ft SPACE COMPANY 


NAME USERS NAME ********************* PAGE 20 
DEPT Aan * THE INTEGRATEO math model * DATE IT APR T** 

EXT. 3023S * * time ISl02l01 

SLC. lOM * ATmOT * CASE I 

★ AA****** ************ «;***************** 

ACrS - TEST DEMONSTRATION PROBLEM 

**• TANK and Vent parameter calculations *** 

»** initial tank conditions *** 

FLUID CONSIDERED - OXYGEN FLUID TEMPERATURE = 161. R| TANK INITIAL PRESSURE = |6,00 

V'GT.OF LIO. PROP. = Slot. II WGT. PROP. VAPOR = .TNI WGT. LIO. ♦ VAPOR s SlOI.87 

HCT. helium in vapor = .00 TOTAL FLUIDS IN TANK s SI0I.B7 VOL, OF LIQUID FLUID = 71,80 

Part, PRES. FHOP. VAPOR = 16.000 PART. PRES. HELIUM GAS s .000 ULLAGE VOLUME IN TANK = 2,46 

Tank volume = 74.26 FFF, tank density = 6R.702 EPF. INTERNAL ENERGY = -.S68 I 0188t02 

******************** Coast number s i press. svs.no, s d ******************** 

**« PRE- OR NOM-VEi:T CONDITIONS *** 

fluid CONSIDERED - CXVGEN FLUID TEMPERATURE = 161. Q9 COAST DURATION - SEC. = SHO. 

V'GT.OP Liu. PPf.P. = SI0I.I25 UGT, PROP. VApoR = .744 WGT. HELIUM 111 VAPOR r .000 

Part, PRES. PROP, VAPOR s 16.074 PART, PRES. HELIUM GAS s ,000 CURRENT TANK PRESSURE s 16,074 

EFF. internal energy = -.S6fl04f 86+02 

******************** burn number s I press.sys.no, s 2 ******************** 

*** CONPITE ENERGY GALAfiCE FOR BURK *** 

FLUID CONSIDERED - CXVGEN BURN DURATION - SEC. = S. 

TnRUST PPuP.REliAiNir.G = 421S.0S PROPELLANT IN TANK = SlOl.ll 

FFF. TANK ENERGY = -.2«672 1 76+06 

*** COMPUTE RESULTING TANK CONDITIONS *** 

propellant NiTHDRAWr; = SS.IIl TOTAI. fluids in tank = S046.76 

THRUST PROP.REnAINIi'ir, = 4169.29 NEW EPF. TANK DENSITY = 67.9S96 

NEW INTEPtiAL ENERGY = -.G66 1 1077+02 

*** compute pressurant needed for this burn **• 

Tank uic. temperatupe = I 6 I .97 stored helium temp, = 170.00 new tank ullage vol, = 1.210 

NLW PROF. LIO. VoLUliE = 71.01 PROP. LIO. REMAINING = S04S.78 WGT. oF PROP. VAPOR = .9742 

HrLlUM PART. PRESSURE = 10.644 TOTAL PRES. *rPV+PHE* s I6.0S6 NOM. OPERATING PRES. r 26.700 

HELIUM FLOW Rate = . 1644-01 HEIGHT OF HELIUM USED = .TSPB-OI NEW TANK PRESSURE = 26.700 

total helium CCriSUI^EO r ,07S 


FLOWRATE FOR THRUST = 9.990 

EFF. INTERNAL ENERGY = 56804886+02 

TOTAL FLOWRATE = 12.011 


PROPELLANT LIO.+VAP. = 5046.76 

PART. PRES. PROP. VAPOR = 16.056 
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LOCKHEED MISSILES A SPACE COMPANY 


users NAHF Ii******************** page 21 

[EPT 6213 * THE INTEGRATED MATH MODEL * DATE 17 APR 71 

LX". 3023S * ♦ TIME |S:02f03 

PLD. lOM * AT4307 * CASE I 

«**^**«1lt **************ft*1»*«f*«********* «r 

ACPS - TEST DEMOMSTRATIOf! PROBLEM 
*** TANK AND VENT PARAMETER CALCULATIONS - COMTD. *** 


*»★•)►*★*****»*<(*★**** COAST NUMBER = 2 PRESS. SYS. NO, r 2 ******************** 

*** rnE- OF, non-ve(it conditions *** 

fluid considered - oxygen fluid Temperature = i 64 .oo coast duration - sec. = 7R7S. 

UGT.OF Lit:. PROF', = SONS. 78 1 '.iGT, PROP. VAPOR = ,976 U6T. HELIUM IN VAPOR = ,07S 

PaPT, PRES. P80P. VAPOR = 16.004 PART. PRES . HELIUM GAS = 10.269 CURRENT TANK PRESSURE = 26.3S3 

EfF.INTEPNi-L EflERGV = -.S6FiOSS7 1 *02 

***************i^**** BURN numbep s 2 press.sys.no. = 2 ******************** 

*★* CO^iPl;TE EilEPGY balance FOR BURK *** 

FLUID CONSIDERED - OXYGEN BURN DURATION - SEC. = 6. FLOWRATE FOP THRUST = 9.990 

Tf’PUST PHc.P.REI1AiNi;ir, s 189.29 PROPELLANT jll TANK s S046.76 EFF. tNTFF;,NAL ENERGY r. -.S6B0SS7I +02 

FFF. TANK ENERGY s -.282*50102+06 TOTAL FLOWRATE = I2.03S 

COF.PITE RESULTING TANK CONDITIONS *** 

PFOPFLLANT WITHdFaWM = 74.016 TOTAL FLUIDS IN TANK s 4972.74 PROPELLANT LIQ.+VAP. s 4072.74 

THRUST PROP. remaining = 4I27.8S MEW EFF. TANK DENSITY = 66,9629 RAPT. PRES, PROP. VApOR s 16.061 

KCW INTERI;AL ENERGY 2 -.S680Oq2ij+02 

*** COriPlTE PPESSI'EAKT NEEDED FOR THIS BURN *** 

Tank LIQ, TEMPRKaT'P.E = IGI.qT stored helium tbnP, = 170,00 new tank ullage VOL. = 4,27S 

NEW PKor. LIG. VnLI'hE = 6v.9o pPvOP, LIO, RENAIMINO s 4971. 4S WGT. oF PROP. VAPOR s I.289B 

HELIUM PAPT. PRESSURE = 10.619 TOTAL PRES. *FPV+PHE* s 21,817 NOM. OPERATING PRES. = 26.700 

HELIUM FLOW rate = .19SS-02 WEIGHT OF HELIUM USED = .2412-01 NEW TANK PRESSURE = 26.700 

THTAL HELIUM Cr.MSUNFD = . I 00 
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LOCKHEED MISSILES & SPACE COMPANY 


KAI’E USERS NAME ********************* PAGE 22 
[:EPT 6211 ★ THE INTEGRATED M/.TH MODEL * DATE 17 APR 71 

EXT. 1021S * * time ISJ02I01 

BLD, toil * AT410? * CASE I 

«*«*'***«: **************** *************** 

ACPS - TEST DEMONSTRATION PROBLEM 

**★ TANK AND ''ENT PARAMETER CALCULATIONS - COHTO, *** 


******************** COAST NUMRER = 1 PRESS, SYS. NO, s 2 ******************** 

*** PPE- OR N'IN-VEMT conditions *** 

FLUID COfiSlOERED - OXYGEN FLUID TEMPERATURE = 161,98 COAST DURATION - SEC. = 209N. 

V'GT.OF LI(:. PROF’. = N97I.4S0 V'GT. PROP. VAFOR s 1.290 VFGT. HELIUM IN VAPOR = ,100 

FaRT.PPCS, PROP, VAPOR = I6.06R PART . PRES . HEL lUM GAS s 16.261 CURRENT TANK PRESSURE = 26.112 

FFF.INTERiiAL EritPOV = -.F6R07R2P+0? 

******************** siiRN MUMPER = 1 PRESS, SYS, NO, = 2 ******************** 

*** COIIFLTE C:;eRGY BALAMCE for BURN *** 

FLUID COF.'SIU'ERf.M - OXYGEN BURN DURATION - SEC, = M, FLOWRATE FOR THRUST = 9,990 

. TnRUST FPOP.PECAinimG = m27,8S PROPELLAmT jm TANK = ‘*972.74 EFF. INTERNAL ENERGY = -.16807924*02 

EFF. TAf.K ENERGY s -.28001137+06 TOTAL FLOWRATE 5 12.011 

M **• compute RESULTING TANK CONDITIONS *** 

-3 

?P.0PELLAI:T WlTFiliPAVN = 41,086 TOTAL FLUIDS IN TANK s 4pR«j,61 PROPELLANT LIO.+VaP, s 4929,61 

thrust rROp.REIIAlNiNr, = MOPn.OP new EFF, tank density = 66.1827 RAPT, PRES. PROP, VApOR S 16,011 

MEU IfiTERr AL EfiLRGY = -.16810441*02 

COMPUTE PPESSURANT NEEDED FOR THIS OURN *** 

T^fiK Lia. TEMPERaTUP.E = 161, «J7 STORED HELIUM TEMP, = 170,00 NEW TANK ULLAGE VOL, = 4,886 

NF:W PKOr. LIQ, VOLur',E = 69.18 pp,0p, Llo. REMAINING = 4928,18 WGT. OF PROp. VApOR = 1.4711 

UELlUn PAFT, PRESSURE = 10,641 TOTAL PPES. ’‘FPV+PHE* s 21,011 NOM, OPERATING PRES, = 26,700 

Ur.l.n.Tl FLOW RATF = .199n-02 wriGHT OF HELIUM USED = ,1428-01 NEW TANK PRESSURE = 26.700 

total helium consumed = ,I|n 
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i-AI'fl USERS NAME <******★************** PAGE 21 

rrrT 6211 ' ' * the integrated hath model * date it apr 71 

EXT. 1023R * * TIME ISl0^l0^ 

FtUD. ION * AT4107 * CASE I 

A***W4r1k*A*tt*****«i****it***************** 

ACPS - TEST DEMONSTRATION PROBLEM 

*** tank and '>ent parameter calculations - CONTD. *** 


******************** COAST HUMBER r 4 


press.sys.no. s S ******************** 


*** ERE- OR NON-VENT conditions *** 


R.LIID considered - 
i;gt.of lio. prop. 
Part, PRES. prop, vapor 
E f-F.IMTEPf^AL EtiLROY 


OXVGEN fluid temperature 

= 4S2a.l8| wgt. prop, vapor 

= 16. OSS PART. PRES. HELIUM GAS 

= -.S6R09R2S+02 


163.97 coast duration - SEC. = 

1.474 W6T. HELIUM IN VAPOR = .||4 

10.268 CURRENT TANK PRESSURE = 26.326 


******************** BURN NUMBER = 4 PRESS. SYS. NO. s 2 ********!>********★** 


»**« COriPUTC energy balance for BURN *** 


FLUID CONSIDERFO - OXYGEN BURN DURATION - SEC. 

TiiRUST PRCP.RFMAlNifiO s H0R2.09 PROPELLANT IN TANK 

EEF. TAt;K ENERGY = -.2S36S8SS+06 


34. 

4929. 6S 


FLOWRATE FOR THRUST 
EFF. INTERNAL ENERGY 
TOTAL FLOWRATE 


9.940 

-.S680492S+02 

I2.01S 


COMPUTE RESULTING TANK CONDITIONS *w* 

propellant withdrawn = 966.961 TQTaL FLUIDS IN TANK s 4462.69 
thrust PHOP.REiiAlMflG = 3704.47 NEW EFF. TANK DENSITY = 60.0446 
HEW INTEKHAL F.HEROV : -.S6839786+02 


propellant LIQ.fVAP, n 9462,69 
PART. PRES, PROP, VAPOR = IS, 918 


*** CCliFLTL PRESSURAKT HEEDED FOR THIS BURN *** 


t^hk lki, temperature = 

Nt:w PROp, LIQ, VOLWclF = 
HELIUM RAnT.PRFSSUfT. ' = 
HEX I MM FLOW rate = 

Total helium cohsui;ed = 


163.82 
62. 7S 
10.782 
,4072-02 
.272 


stored helium temp, s 

pROp. LIO. REMAINING = 
TOTAL PRES. *PPVtPHF* = 
WEIGHT OF HELIUM USED = 


(70.00 
44S9.2S 
20.270 
. ISsOtOO 


NEW Tank ullage vol, 
HGT. of prop, vapor 
MOM. OPERATING PRES. 
NEW TANK PRESSURE 


I I.SI6 
3.44S8 
26.700 
26.700 
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NAI!E USERS NAME ********************* PAGE m 
OEPT 6a n * the integrated hath model * DATE 17 APR 71 

EXT. 1023S * * TIME iSloaiOR 

BLD. I or * ATR307 * CASE | 

ACPS - TEST DEMONSTRATION PROBLEM 

*** tank and Vent parameter calculations - c^htd. *** 


******************** COAST NUMBER = S PRESS. SYS. MO. 


■*** ?RE- OR NON-VENT CONDITIONS *** 


FLUID CO.’fSIOERro - 

IMT.OF LIO, PPr.H. 

Part, PRES, PROP. VAH i'K 
EFF.lNTEPliAL ENERGY 


OXYGEN FLUIO TEMPERATURE 

= Ml;S9.24‘4 WGT. prop. VAPOR 

= IS. 939 PART. PRES. HELIUM GAS 

= -.S6937S92+02 


163.84 

3.4S0 

10.392 


2 ******************** 


COAST DURATION - SEC. = 2061. 

WGT. helium in VAPOR = ,272 

CURRENT TANK PRESSURE = 26.332 


******************** s!IRN number = S PRESS.SYS.no, 

*** cniiPUTE ENERGY BALANCE FOR BURN *** 

FLUID CCMSIOERF.O - CXYOEN pURN DURATION - SEC, = 7. 

T,{RUST PR(iP.RFNA'ini.NG = 3T0't.47 PROPELLANT ni TANK = 4462.69 

EFF. TANK energy - -.248S8964+06 

»★« COilPUTE RHSULTIMG TANK CONDITIONS *** 

propellant withdrawn = 89,421 TOTaL FLUIDS IN TaMK s 4373,27 

TliRUST EROp.REiifainiNG = 3630.24 NEW EFF. TANK DENSITY = S9.8904 

NEW INTERNAL FMEPOY r -.46842927+02 


•»** confute PRESSURANT needed for THIS BURN *** 


TaMK LICi, temperature = 163,8 1 

MEW pROp. LIQ. V0LN1IF.= 61.43 

MEU'.'i-i PART.PRFbSURr. = 10.788 

HKLIuri FI.OW RATE = .4042-02 

total helium cnfiSUNEO = .302 


STORFO HELIUM TEMP. = 170.00 

PROp, LIO. REMAINING s 4369, 4S 

total pres. *PPV+PHE* = 2S.273 

WEIGHT OF helium USED s .3003-01 


2 ******************** 


FLOWRATE FOR THRUST 
EFF. internal ENERGY 
TOTAL FLOWRATE 


9,990 

-.S6837S92+02 

I2.03S 


propellant LIO.+VaP, s 4373,27 
part. PRES. PROP. VA pOR = IS. 912 


new tank ullage VOL, 
WGT, OF PROP, VApOR 
NOM. operating pres. 
NEW TANK pressure 


12.780 

3.8229 

26.700 

26.700 
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InAI'F USRKS NAMR ***ii*****iii>it***itit**** PAGE 2S 
uRPT 6213 * THE INTEfiRATED HATH MODEL * DATE 17 APR 73 

EXT. 3023'j * * TIME l'>}02^0^ 

BLD, Itm * ATUIflT * CASE I 

***«««*** ****************************** 

ACPS - TEST DEMOMSTRATIOM PROBLEM 

*** TANK AND VENT PARAMETER CALCULATIONS - CONTD, *** 


*«*********^****#*** COAST NUMBER = 6 PRESS, SYS. NO. = ?. ******************** 

*** PRE- OR non-vent conditions *** 


FLUID CONSIDERED - 
Vj'-'jT.OF LIO. PROP. 
Part, PRES, PROP. VAHOH 
EFF. INTERNAL EMEPOV 


oxycen fluid temperature 

= '^6R,^^9 W\iT. PROP. VAPOR 

= l‘i.916 PART.PRES.HELIUM GAS 

= -.S6R^2283♦02 


163. ai 
3.B2R 
I0.3R6 


COAST duration - SEC, = S93. 

WGT. HELIUM IM VAPOR = .302 

CURRENT TANK PRESSURE s 26.313 


★*****★★*★**★******* BURN number = 6 PRESS, SYS, NO, s 2 ******************** 

*** C0|;FUTE Ef.'EPQY BALANCE FOR BURN *** 


FI.UIO CONSIDERED - OXYGEN 

BURN DURATION 

- SEC, 

- 

4. 

FLOWRATE FOR THRUST 

s 

9.9R0 

TjiRUST PROR.REIiAINIilG s 

3630,24 

propellant in 

tank 

•• 

4373.27 

EFF. internal energy 

•• 

-.S6B422R3^02 

EFF. TANK ENERGY s 

-.246I487S+06 




total FLOWRATE 

s 

I2.03S 

*** COMPUTE resulting 

TANK CONDITIONS ***' 






propellant WITIIORa'.'M s 

43,056 

total fluids 

IN tank 

5* 

4330,19 

propellant lio.+vap. 

S 

4330.19 

T'JpUST PROP. remaining = 

3S94.47 

MEW EEF. TANK 

DENSITY 

«• 

S8.3I03 

part. PRES. PROP, VA pOR 

s 

IS. 903 

NEW INTERNAL EMERGY s 

-.Sfe84482M+b2 








*** COHPUTE phessurant ncedeo for this burn *** 


TANK Llo. TEMpErAtUrE 
t.'EW PROP. LIQ. VOLUME 
helium PAf:T , pressure 
helium flow rate 
total helIUm cr-riSupED 


163.80 STORED HELIUM TEMp. 

60.87 PROP. LIO. RENAINIMG 

10.797 TOTAL PRES. *FPV+PME* 

.4101-02 WEIGHT OF HRLIUH USED 

.317 


I70.no 

9326.18 

2S.824 

.1468-01 


NEW tank ullage VoL, 
WGT. OF PROP, VAPOR 
UOM. OPERATING PRES. 
NEW TANK PRESSURE 


13.391 

4.003S 

26.700 

26.700 
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NAIIE USERS NAME ********************* PAGE ?6 
DEPT 6213 * the INTEGRATED HATH MODEL * DATE IT APR 73 

KXT. 3023R * * TIME ISI02I0N 

tl-D. I^^ * ATH307 * CASE I 

* ************************************** 

ACPS - TEST DEMONSTRATION PROBLEM 

*** TANK ANn Vent parameter calculations - cONTd. *** 


*★****★**★*★★***★***• COAST NUMBER = 7 PRESS, SYS. MO, s 2 ******************** 

*** FRE- CR NON-VEMT CONDITIONS *** 

rU'ID COriSIuERRD - OXYGEN FLUID TEMPERATURE = 163.80 COAST DURATION - SEC* = S36, 

WGT.OF LIO. PROF, = N326.I83 uGT. PROP. VAPOR s H.OOU WGT. HELIUM IN VAPOR s ,3|7 

PART, PRES. PROP, VAPOR = IS. 906 PART. PRES. HELIUM GAS = 10. NON CURRENT TANK PRESSURE = 26.310 

El-T. INTERNAL EfIEROV = -.S68NN236+0P 

*«*«★*«'**•*★«★**«★*** burn number = 7 PRE5S.SYS.no, s 2 ******************** 

*** COMPUTE ENERGY BALANCE FOR BURN *** 

FLUID CONSIDERED - OXYGEN rURII DURATION - SEC, = 66 . FLOWRATE FOR THRUST s 9,990 

. T,iRUST PROP.REfiAiNllvG s 3S9N.N7 PROPCLLAnT jN TAnk = N330.I9 EFF, INTERNAL ENERGY s -,S 68 NN 21 A*n 2 

EFF, TANK ENERGY s -.20 1 1 26S I +06 TOTAL FLOWRATE - I2.03S 

M **• COMPUTE RESULTING TANK CONDITIONS *** 

00 

PROPELLAf.'T wITUdRa'UJ = 79 S.SI 9 TOTAL FLUIDS IN TANK = 3S3N.67 PROPELLANT LIO. + VaP. = 3S3M.67 

THRUST FROP. remaining = 293N.I2 NEW EFF. TANK DENSITY = N7.S97B PART.PRE5 . PROP . V ApoR = IS.7S2 

MEW internal ENERGY = -.56901096+02 

*** COMPUTE PRESSURANT needed for this BURN *** 

Tank LIO. T£MPr«Al":;E = I63,63 stored helium temp, = 170.00 NEW Tank ullage VOL. = 2R.6S6 

NEW PROP. LIQ. VoU'NE = ‘19.61 PROP. Llo. REMAINING = 3S27.36 WGT, oF PROP. VApoR = 7,3072 

helium PAPT.PRF.SSUPE = IU.9WS TOTAL PRES. +FPV+PHE* = 21,396 MOM. OPERATING PRES. = 26.700 

KELI'Jn FLOW RATE = .NIS2-02 WEIGHT OF HELIUM USED = .2794+00 NEW TANK PRESSURE = 26.700 

Total helium cnnsur.EO s ,s9i 
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KAI’E USERS NAME * * * * * it * * » * * * * H ***** n * pAfiE 27 

TEFT 6213 * THE INTEGRATED MATH MODEL * DATE 17 APR 73 

EXT. 3023S * * TIME ISj02l0S 

Bl.D, I0^ * ATm07 * CASE I 

*************************************** 

ACPS - TEST DEMPMSTRATIOM PROBLEM 

TANK AND VENT PARAMETER CALCULATIONS - CONTD. *** 


******************** COAST NUMBER = 8 PRESS. SYS, MO, = ? ******************** 


*** PR(:. OR non-vent conditions *** 


fluid considered - 

HGT.OF LKi. prop. 

Part, pRts. PROP, VAPOR 
EFF.lMTEfliAL ENERGY 


oxycen fluid temperature 

5 3S27.3‘m WGT. PROP. VAFOR 

= IS. 793 PART. PRES. HELIUM GAS 

= -.S6900I37+02 


163.68 

7.32S 

IO.S4I 


******************** 3npN number = 8 PRESS.SY5.no. 

*** COfiPi'TE ENERGY BALANCE FOR BURN *** 


COAST duration - SEC. = TIM. 
WGT. HELIUM IN VAPOR = .S9I 

CURRENT TANK PRESSURE = 26.334 


2 t^4r***At^**i*ilrA****A3k** 


FLUID CCNSIOERF.i) - I'XYGEN BURN DURATION - SEC, 

Thrust frop.peuainihg = 2934.12 propellant in tank 

EFF. TANK ENERGY s -. 1 79 1 04S3+06 

*** COHFLTE resulting TaNK CONDITIONS *** 

FPOPELLAMT withdrawn = 388,733 TOTAL FLUIDS IN TANK 

thrust pROP.REIlAINIi'iG s 2611.43 NEW EFF. TANK DENSITY 

NEW INTERNAL ENERGY = - . S6932047+02 


32. 

3S34.67 


3145,94 

42.3631 


flowrate for thrust 

s 

9.990 

EFF. internal ENERGY 

s 

56900137*02 

TOTAL FLOWRATE . 

s 

12,035 

propellant lio.+vap. 

• 

3145,94 

part, PRES, PROP, VAPOR 

s 

15.902 


*** cnnPl.TE PPESSURANT needed FOR THIS BURN *** 


Tank lio, tempf.ratuf.f. 

MEW PROP, LIQ. VOLUI'IE 
HELIUM Part. PRESSURE 
helium flow rate 
total helium consumed 


163,80 

stored helium temp. 

r 

170.00 

MEW Tank ullage vol 

44.14 

PROP. LIO. remaining 

r 

3136.93 

WGT. OF PROP. VApOP 

10.798 

total pres, *ppv+phe* 

s 

24.536 

MOM. operating pres 

.3752-0?. 

.712 

weight of HEl.IUM USED 


.1212*00 

NEW TANK PRESSURE 


30.124 

9.0060 

26.700 

26.700 
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tlAlX USERS NAME ♦#*** It pA(iE 28 

DEPT 6213 * THE 1NTE6RATED MATH MODEL * DATE 17 APR 71 

EXT. 1021S * * TIME ISt02t0S 

BLO, |0^ * ATUin? * CASE I 

■t ************ *******A***'**4i****A** 

ACPS - TEST DEHOMSTRATIOM PROBLEM 

*** tank and vent parameter calculations - CONTO. *** 


******************** COAST NUMBER = 9 PRESS, SYS, MO. ~ ? ******************** 

**« pPfT- OR NON-VEMT COMOlTlOriS *** 

FLUID COMSIOERfO - CXYCEM FLUID TEMPERATURE s 161.82 COAST DURATION - SEC. = S6«. 

l.riT.OF LIO. PROP. = 1116.918 WGT. PROP. VAPOR = 9.017 VJGT. HELIUM IM VAPOR r ,712 

PART. PRES. PROP, VAPOR s IS. 929 PART. PRES. HELIUM GAS = 10.906 CURRENT TANK PRESSURE = 26.110 

EFF.INTEPIIAL EliERGY = -.E693 I I 9c+02 

******************** 3IIRN number = R PReSS.SYS.no, = 2 ******************** 

*** COMPUTE Ef:ERGY BALANCE EOR BURN *** 

FLUID CONSIDERED - OXYGEN BURN DURATION - SEC, S |09. FLOWRATE FOR THRUST s 9,990 

T;.|RUST Ff'OP. remaining s 2611.91 PROPELLANT iflTANK = 1I9S.99 EFF. INTERNAL ENERGY = -.S691 1 1 90*02 

EPF. TANK ENERGY = -. 1 082 1 ! ?M+06 TOTAL FLOWRATE = I2.01S 

S **« cOliPUTE resulting TANK CONDITIONS *** 

propellant withoRau'n s i 2 S 2 ,es 2 total fluids in Tank = 1091,08 propellant lio,*vap, s 1891,08 

TMrUST ppOp. remaining = IS7I.99 NEW EFF. TANK DENSITY s 29,9922 pART.PRES.PROp, VArOr s I9.S08 

NEW INTERNAL ENERGY = -.97161136*02 

*** COMPUTE PRESSURANT NEEDED FOR THIS BURN *** 

Ti^nk lig. Temperature = 162. 19 stored helium temp. = 170,00 new tank ullage vol. = 97.917 

Ti^w PROP. LIQ. VoUJMiE = 26.12 PROP. LIQ. REMAINING s 1879,91 WGT. oF PROP. VApoR = I1.I7S7 

KELIUM FAET.PRESSUnE = 12.192 TOTAL PRES. *PPV+PHE* = 20.982 NON. OPERATING PRES. r 26.700 

HELIUM FLUii PATE = - ,S'I99-P2 WEIGHT OF HELIUM USED = ,9671*00 NEW TANK PRESSURE = 26,700 

TOTAL helium CONSUMED = 1.280 
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MAI’E USERS NAMr ********************* PAGE 29 
lEPT 6211 * THE IMTEGRATEn HATH MODEL * DATE 17 APR 71 

EXT, 1021S n * TIME |Sl02i05 

P.I.P, I0^ * AT4107 * CASE I 

ACPS - TEST DEHOHSTRATIOH PROBLEM 

*** TAMK ANO VENT PARAMETER CALCULATIONS - CONTO. *** 


★**★*♦*★★***★**■***** COAST NUMBER = 10 PRESS, SYS, HO, s 2 ********ii******it*ii*ii 

*** PRK- OR non-vent conditions *** 

FLUID COliSlDERRO - OXYGEN FLUID TEMPERATURE = 162.18 COAST DURATION - SEC. = 

ViGT.OF LIU. PRiiF. = 1379.780 WGT. PROP. VAPOR s 11.102 W6 t. HELIUM IN VAPOR s 

PART, PRES. PROP. VAPOR = m.660 PAPT, PRES. HELIUM GAS = II.6B6 CURRENT TANK PRESSURE = 

EFF.lHTEHilAL ENERGY = -.S7 1 S6679+02 

*iiit*'it***ii*iiiiit****i,*ii burn number = 10 press.sys.no, s 2 ******************** 

*** COfPl'TE ENERGY BALANCE FOR BURN *** 

FLOWRATE FOR THRUST = 9.990 

EFF. internal ENERGY s -,S7IS6679t02 
TOTAL FLOWRATE s I2.01S 


PROPELLANT LIQ.tVAP. s IS09.I6 
PART. PRES, PROP. vapor s 1*4. ISO 


new Tank ullage vol. = si.m** 

WGT. oF PROP. VAPOR = IS.SIS2 
NOil. operating pres. s 26.700 
NEW TANK PRESSURE = 26.700 


FLUID CONSIOERF.l) - OXYGEN BURN DURATION - SEC. s 32. 

TilHUST PROP. remaining s |S7|.^^ PROPELLANT IN TANK = 1891.08 

EFF, TANK ENERGY z -. 862SOS27+OS 

COMPUTE resulting TANK CONDITIONS *** 

PPOPELLANT WITHDRaV.'N s 181. 9l9 TOTAL FLUIDS IN TANK r IS09.I6 

thrust PPOP.rEHAINING r |2S."'.7S MEW EFF. TANK DENSITY z 20.122H 

NEW INTERiIAL energy z -.S7ISI208+02 

*** COMPUTE PP.ESSHRANT NEEDED FOR THIS BURN *** 

Tank LIQ. TeMPfRaTURF = 162. oo stored helium temp, = ito.oo 

NEW PROP. Lin. Volume z 20.p2 prop. lio. remaining z ih9M.6S 

helium part. pressure = 12 . iso total pres, *PPV+PHE* s .m.79| 

HHILIUM PLOW RATE z .SI 02-02 WEIGHT OF HELIUM USED = .1628+00 

Total helium consumed = 1 . 4*12 


1876. 
1 .260 
26.106 
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MAI'E USERS NAME * * * 

EEPT (San * 

EXT. 3023'; * 

Bin. I OR * 


****************** PAGE 30 

the integrated math model * date 17 APR 73 

* TIME (S«02I06 

ATM307 * CASE I 

*************************** 

ACPS - TEST DEMONSTRATION PROBLEM 


*** TANK ^Nn Vent parameter calculations - contd. *** 


******************** COAST NUMBER = || PRESS. SYS. NO, = 2 ******************** 

*** PRE- OR NON-VENT CONDITIONS *** 


ELUID considered - 
wgt.of liu. prop. 

part. PRES, PROP, VAPOR 
EPF. internal EflLFiGV 


oxygen 

= 1491.376 
= 17.914 


fluid temperature 
vigt. prop, vapor 
part. PRES. helium GAS 


-.SS3S3647+02 


I6S.93 
17.788 
12. OSS 


******************** burn number = II PRESS.SyS.no, 


*** COMPUTE ENERGY BALANCE FOR BURN *** 


coast duration - SEC. = S7I04B. 

WGT. HELIUM IN VAPOR = 1.442 

CURRENT TANK PRESSURE = 29,969 


2 *4r***lHl^*4r^**** jk*^*** 


FLUID considered - OXYGEN BURN OURaTION - SEC. 

THRUST PIU)P. remaining = 1282.74 PROPELLANT In TAnK 

ErF. TANK ENERGY = -.72687199+08 

CO *** compute Resulting tank conditions *** 

FROPELLAN'T WlTHOFa'.;,'; = |<?4/t87 total fluids in tank 

THRUST I HOp.REIlAlrilNG = I0RI.3I NEW EFF. TANK DENSITY 

NEW INTERNAL F.NERGV = -.88239029 + 02 


< 6 . 

1809.16 


'314.68 

•7.7034 


FLOHRaTE FOR THRUST 

s 

9,990 

EFF. Internal energy 

s 

-.883S3647+02 

total flowrate 

“ 

12.038 

propellant lio.+vap. 


13(4,68 

PART. PRE 5 . PROP. vapor 

r 

16.731 


**• COMPUTE PRESSURAKT HEEDED FOR THIS BURN *** 


Tank lio, temperature = I6'i.70 
NEW PROP, LIQ, VdLI.'NE = IS. 30 
helium part. pressure = 11.406 
HELIUM FLOW hate = .0000 

total iielium consumed = 1,442 


stored helium temp, 

PROP. LIQ. REMilMING 
TOTAL PRES. ’►FPV + PtlE* 
WEIGHT OF HELIUM USED 


170,00 

'297,18 

28.137 

,0000 


NEW TANK ULLAGE VOL, 
WGT. OF PROP. VAPOR 
NOM. operating pres. 
NEW TANK PRESSURE 


88.961 

I7.S27I 

26,700 

28.137 
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IsAlin USERS NAME ********************* PAGE II 
CEI'T 6213 * THE INTEGRATED MATH MODEL * DATE 17 APR 73 

EXT. 3023S ■* * TIME ISl02l06 

BLD. lOR * ATR307 * CASE I 

*************************** ****«r******* 

ACPS - TEST OEMONSTRATIOM PROBLEM 

*** TANK AND VENT PARAMETER CALCULATIONS - CONTD. *** 


******************** COAST NUMBER = 12 PRESS, SYS. MO. = 2 ******************** 

*** pRE- ON NON-VENT CONDITIONS *** 

fluid CONSIdEPF.D - OXYGEN FLUID TEMPERATURE = I6M.77 COAST DURATION - SEc. = SS8R. 

WGT.OF LICi. PROP. = I2R7.08S WGT. PROP. VAPOR = 17.592 W67. HELIUM IN VAPOR = I .MR2 

PART, PRES. PROP. VAPOR = 16.798 PART .PRES . HEI.IUM GAS s ll.mo CURRENT TANK PRESSURE = 28.208 

FFF.INTERMAl, F.IILRGY = -.SS2SR397+02 

******************** burn number = 12 PRpSS.SYS.no, b 2 ******************** 

*** COliPDTE ENERGY BALANCE FOR BURN *** 

FLUID CONSIOEREU - uXYGEM BURN DURATION - SEC. = lOO. FLOVIRATE FOR THRUST = 9.990 

ThRUST PROP.REIiAimiNG = 1091.31 propellant in TANK = I3IH.68 EFF. INTERNAL ENERGY s -.5S25M397+02 

EFF. TANK ENERGY s -.'*986 |^26♦0^ TOTAL FLOURATE s 12,035 

*** COfiPUTE resulting tank conditions *** 

SS propellant WITHdRaUN s 1203.503 TOTaL FLUIDS IN TaHK s Ml, IT PPOPELLaNT LIO,*VaP. = 111.17 

thrust PROP. remaining = 92.23 MEW EFF, TANK DENSITY s I.H970 pART.PRES.pROp.VApOR s m.580 

NKW INTERNAL ENERGY = - . RP8702 1 7 102 

*** COMPUTE PRESSURAKT NEEDED FOR THIS BURN *** 

tank LIU. temperature = 162.28 StOR^D HELIuM tEMP. = 170.00 NEW t*HK ULLAGE vOL. = 72.986 

NEW PROP, LIQ. VOLUNE s 1.27 PROP, LIQ. REMAINING = 91.02 WGT. OF PROP. VAPOR s 20.IS22 

HELIUii fart. pressure = 12.120 TOTAL PRES. *PPVtPHE* s 23.197 NOM. OPERATING PRES, s 26.700 

rIELIUM FLOW rate = .M9W3-02 WEIGHT OF HEI.IUM USED = .M9H3+00 NEW TANK PRESSURE s 26.700 

total IIEuIUM consumed = 1.937 
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MArE USERS NAME *************(>*■****** PAGE 12 
CERT 62(1 * the integrated MATH MODEL * DATE 17 APR 71 

EXT. 1021S * * time |S:02i06 

BLD. ION * AT4107 * CASE I 

****************************** ** * 
ACRE - TEST DEfiOfJSTRATION PROBl.EM 

*** tank and Vent parameter calculations - contd. *** 


*iiini**i,tr*********tr** FINAL ENGINE SHUTDOWN PROPELLANT TANK CONDITIONS ******************** 
’*** CntlPL'Tf FINAL tank CONDITIONS *** 


eluid considered - 

OX'^GEN 

fluid TEMPERATURE 

s 

161.01 

COAST duration - SEC. = 

100. 

V'GT.OF LIC:. PROP. 

= 

90.226 

UGT. PROP. VAPOR 

z 

2C.9'I2 

wgt. helium in VAPOR = 

1.917 

Part, PRES, PROP, VAPOR 
EFF.inTLPf!AL El'LEGY 

= 

IS. 206 PART. PRES. HELIUM GAS 

-.4RaS7l9e+02 

“ 

11.622 

CURRENT TANK PRESSURE s 

26.828 

FINAL tank temp. 


161.012 

TOTAL Vented gas wgt. 


.000 

wgt. of gas Residuals = 

22.879 


UGT, OF L 10. RESIDUALS s 90.226 

*** COliruTE pressurization system V.'EIGHT *** 
total helium gas redd = 1.917 WGT.PRESSURaNT system = 42, 90S 
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MAIIF USERS NAME ******** *^******** 11 ** PAGE 
CEI'T 6211 * THE INTEGRATED MATH MODEL * DATE 17 APR 71 

EXT. 1021s * * TIME |Sl02t06 

BUD. I OR * ATm07 * CASE I 

*****n ********************* ************ 

ACPS - TEST DEMOMSTRATIOM PRORLEM 

*** TANK AND VENT PARAMETER CALCULATIONS *** 

**• initial tank conditions *** 

FLUID considered - HYDROGEN FLUID TEMPERATURE = 17. OS 

WGT.OF LIQ. PROP. = I9R8.20 WGT. PROP. VAPOR s I.20M 

V'GT. HElI'-'M IN VAPOR = .00 TOTAL FuUIOS IN TANK = I9N9.R0 

Part. PRES. PROP. VAPOR s 16.000 PART. PRES. HELIUM GAS = .000 

Tank voluhe = rsi.06 eff. tank density s h.ioi 

A******************* COAST number = I press. SYS, NO, = 0 ******************** 

*** FRE- 0[; NON-VENT CONDITIONS *** 

fluid considered - HYPRCGEN FLUID TEMPERATURE s 17. 9S COAST DURATION - SEC. = SRO. 

■'■•JT.OF LIU. PROP. = l9Ra.0l7 WOT. PROP. VAPOR s I.16S WGT. HELIUM IN VAPOR s .000 

FART, PRES. PROP. VApOr = I3.16S pART. PRES. HELIUM GAS = .000 CURRENT TANK PRESSURE = I8.16S 

EFF. INTERNAL ENERGY = -. I I 0R029S+01 


TANK INITIAL PRESSURE s 16,00 

WGT. LIQ. ♦ VAPOR = 1949, NO 

VOl . OF LIQUID FLUID = 419,61 

ULLAGE VOLUME IN TANK = 11,41 

EFF. internal ENERGY = I I 04 I I 92»01 


00 


******************** burn NUMBER s I PRESS, SYS, NO, s 2 ******************** 

*** COllPliTE ENERGY BALANCE FOP BURN *** 


fluid considered - HYDROGEN BURN DURATION - SEC, = S, FLOWRATE FOP THRUST S 2.4PB 

thrust FROP.RF.HAlNIflG = 1066.76 PROPELLANT IN TANK s 1940,20 EEF. INTERNAL ENERGY = -. I I n^029S♦01 

EFF. tANK Energy = -. 21299417+06 total flowrate = 4,S6i 


*** COHPCrr RESULTING TANK CONDITIONS *** 

propellant WIThoFaUN = 20.890 total fluids in tank = 1928, SI propellant LIQ.+VAP. = 1928. SI 

THRUST PROP. remaining = I0SS.12 NEW EFF. TANK DENSITY = 4.2S66 pApT.pRES.PPOp.VApOR s 17.166 

NEW INTERNAL ENERGY = ... I 1 044431 + 01 


*** COMPUTE PRESSIIKANT NEEDED FOR THIS BURN *** 


Tank lio, temperature = 17. S3 

MFW PHOp. Ho. VULU iE = 416.67 

helium fart. pressure = 1.714 

helium flow rate = .S777-0I 

total helium CONSUMED = ,26S 


stored HELIUM TEMP. = 40.00 

pROp, LIO. remaining r 1926.91 

TOTAL PRES. *PPV+PHE* = 17.166 

weight of helium used = .2646+00 


NEW tank ullage VOL. s 16, IBS 
WGT. OF PROP, VApOp a I .S824 
NOM. OPERATING PPES. r 19.100 
NEW TANK PRESSURE s 19,100 
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KAIIC USERS NAME ********************* PAGE m 
DErT 6213 * the INTEGRATED MATH MODEL * DATE (7 APR 73 

EXT. 3023') * * TIME |S«02«06 

BLD. |U‘( * ATm07 * CASE I 

****^***** **************** ************** 

ACPS - TEST OEMONSTRATIOII PROBLEM 

*** TANK ANo V£NT PARAMETER CALCULATIONS - cOMTD, *** 


******************** COAST NUMBER = 2 PRESS .SYS. MO, = 2 ******************** 

*** pRE- OR non-vent CONDITIONS *** 

FLUID CONSIDERED - HYDROGEN FLUID TEMPERATURE = 33. S6 COAST DURATION - SEC. = -TRTS, 

V'GT.OF LIO, PROP. = 1926.778 WGT. PROP. VAPOR s 1.734 W6T. HELIUM IN VAPOR s ,26S 

FaRT.PRES. PROP. VAPOR = 19.267 PART . PRES . HELIUM GAS = 1.671 CURRENT TANK PRESSURE r 2C.93B 

FFF.INTEPMAL EfitRGY = -. I I 03 I 0*50+03 

******************** number = 2 PRESS. SYS. NO, s 2 ******************** 

■p *** COMPUTE ENERGY BALANCE FOR BURN *** 

FLUID CONSIDERED - HYDROGEN BURN DURATION - SEC, = 6. FLOWRATE FOR THRUST 5 2.498 

thrust PROP.RRIiAlNIi'iG = IOsS.32 PROPELLANT IN TANK s !92p.,sl EFE. INTERNAL ENERGY = -.11031090*03 

EFF. tank Energy a -.209768S8+O6 total flowrate a 4.S64 

g **• COiiPL'Tr RESULTING TANK CONDITIONS *** 

propellant WITHDPaWN a 23,069 TOTAL FLUIDS IN TANK a 1900,44 PROPELLANT LIO.+VAP, a 1900.44 

THRUST PROP. REHA IN INf, = 1039.96 MEW EFF. TANK DENSITY = ‘■•.1947 PART. PRES. PROp.VApPR s 17.676 

NZW INTERNAL EfiERGY a -.11037379*03 

’**’* compute PPESSURANT needed FOR THIS BURN *** 

Tank LIO. TEMPENATHRE a 37.69 stored helium temp. a 40.00 NEW TANK ULLAGE VOL. a 22,481 

NEW PROP, LIO, volume a 430. S8 PROP, LIO. REMAINING a 1898.24 WGT. OF PROP, VAPOR a 2.206S 

helium part. pressure; a I. 424 TOTAL PRES. *FPV+PHE* = 16.867 NOH. OPERATING PRES. a 19,100 

Htl.lUM FLOW rate a . .S4H-02 WEIGHT OF HELIUM USED a .336S-0I NEW TANK PRESSURE a 19.100 

Total melium cowsumed a .298 
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NAI'R USERS NAME 
DEPT 6213 
EXT. 3023S 
ELD, |0^ 


*** TAMK AND VENT PARAMETER CALCULATIONS - CONTD. *** 


******************** COAST NUliSER = 3 PRESS, SYS. NO, ~ ?. ******************** 

**• pRE- OR ilON-VENT CONDITIONS *** 

FLUID CONSIDERED - HYdRCGEN FLUID TEMPERATURE = 37. 9R COAST DURATION - SEC. = 209N. 

W5T.OF LIO. PROP. = IER3.I93 WGT, PROP. VAPOR s 3.2S0 WCT. HELIUM IN VAPOR s ,29B 

FART, PRES. PROP, VAPOR = I3.0S9 PART. PRES. HELIUM GAS s 1.347 CURRENT TANK PRESSURE r 19.406 

EFF.1NTEP’;AL ENERGY = -.11034311+03 

*******ii*****ii**iiic** BURN NUMBER = 3 PRESS. SYS. NO. s 2 ★**+******+********+ 

*** COrirUTE EfIERGV BALANCE FOR BURN +** 

fluid considered - HYDROGEN RURN DURATION - SEC. = 4. FLOWRATE FOR THRUST s 

TH.RUST prop, remaining = 1039.96 PROPELLANT IN TANK = 1900. rr EFF. INTERNAL ENERGY = 

EFF, TANK ENERGY s -. 2079SS4C+06 TOTAL FLOWRATE s 

*** COMPUTE resulting TANK CONDITIONS *** : 

PROPELLANT wiTHoRAmi s 16.339 TOTaL FLUIDS IN TaNK 2 1894.10 PROPELLANT LIO.+VaP, s |884,I0 

thrust Prop. remaining = 1031.02 new eff. tank density = 4 .IS 86 part. pres, prop, vapor s 17.334 

f'EW internal ENERGY = -.11037366+03 

*** COMPUTE PPESSI'RANT HEEDED FOR THIS BURN *++ 

Tank LIO, temperature = 37 . s? stored helium temp. = 40.00 MeW tank ullage VOL. = 26. 71s 

MEW PROP, liq. Volume = 426.34 prop. liq. remaimimg = ibsi.st wgt. of prop, vapor = 2.S7S7 

UELlUfi pant. PRESSURE = 1.766 TOTAL PRES. +PPV+PHE* = 13.450 NOM. OPERATING PRES. = 19,100 

EELIUil PLOW rate = .3943-01 VfEIGHT OF HELIUM USED = ,1412+00 MEW TANK PRESSURE = 19,100 

total HELIUM COMSUfED = .439 


2.498 

-.1 |03i*3l 1+03 
4.S64 


************ n It* nftniiii* page 3S 

* THE INTEGRATED MATH MODEL * DATE 17 APR 73 

* * TIME |S«02l07 

■* AT4307 * CASE I 

****************************** 

ACPS - TEST DEMONSTRATION PROBLEM 
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KAiiE USERS name ********************* PAGE 16 
DEPT 6213 * the INTEGRATED MATH MODEL * DATE 17 APR 73 

EXT. 3023S * * TIME IS«02l07 

BLD. I OR ■* ATR307 * CASE I 

************************************* * * 

ACPS - TEST demonstration PROBLEM 

*** TANK AND VENT PARAMETER CALCULATIONS - CONTD, *** 


******************** coast number = R PRES5.SYS.no, s 2 ******************** 

*** pp,E- OR riON-VENT COIIDITIONS *** 

FLUID considered - HYdR0GE:I fluid temperature = 37.61 COAST DURATION - SEC. = S36, 

WGT.OF LIQ. PROP. = I8PI.SI2 HGT. PROP. VAPOR s 2. SRI UGT. HELIUM IN VAPOP s ,R39 

Part, PRES. PROP, ''APOR = IT.RRR part. pres. helium gas = 1,660 CURRENTTAMKPRESSUF.es IB. no 

EPF. IIJTEHUAL ENERGY = I I 036RRS + 03 

******************** DURN number = R PRESS, SYS, NO, s 2 ******************** 

*** COMFUTC ehergy balance for burn *** 

Fluid consioerf.o - uYnHoc-r.ii rurn duration - sec, s - 59 , flowrate for thrust s a.Rse 

T;iRUST PROP.RFIUINING s 1031,02 PROPELLANT IN TANK s I88R.I0 EFF. INTERNAL FNERGY s », I 1 036RRS+03 

FrF. TANK ENERGY s -.18892080+06 TOTAL FLOwRATE S R.S 6 R 

*** COMPUTE RESULTING TANK CONDITIONS *** 

''ROPELLaNT withdrawn s 177.087 TOTaL FLUIoS IN TaNK s 1707,02 PROPELLANT LIQ.+VaP. s 1707.02 

TilnuST p'wOp. remaining s 93R.I2 NEW EFF. TANK DENSITY = 3.767B pART.pRES.PROp, VApOR s IR. 8 RI 

NEW INTERNAL FNERGY s -.11067308+03 

*** compute PRESSURANT needed FOR THIS DURN **+ 

Tank LIO, temperature = 36. S7 stored helium temp. s no, 00 NEW Tank ullage VOL. S 70,609 

VdV PROP. LIO. VoU;iiF = 382. 4S PROP. LIO. REMAINING = 1701.11 WGT. oF PROP. VAPOR = S.R0R6 

HELIUM PART. PRESSURE s R.2S9 TOTAL PRES. +RPV+PHE* s IS.4S2 NOM. OPERATING PRES, s |9,|00 

HELIUM FLOW rate s ,6082-GI WEIGHT OF HELIUM USED = ,2360+01 NEW TANK PRESSURE s 19.100 

total HELIUM CONSUMED s 2.799 
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iiAlIE USERS NAME ********************* RAGE 17 
CEF'T 6213 * the IMTEGRATEfi MATH MODEL * DATE 17 APR 73 

EXT. 3023S * * TIME ISl02|07 

BLD. lOM * AT4307 * CASE I 

****«rnr*** ********************** ******** 

ACPS - TEST DEMONSTRATIOM PROBLEM 
*** TANK ANO VENT PARAMETER CALCULATIONS - COMTO. *** 


******************** COAST NUMBER s S PRESS, SYS. MO, = 2 ******************** 

**« PRC- OF; MON-VRflT CONDITIONS *** 


fluid considered - HVcnOGEU fluid temperature 

UuT.OF LIO. PROP. = 1701,064 WGT, PROP. VAPOR 

Part, PRES, PROP. VAPOR = 14,962 PART. PRES .HELIUM GAS 

EFF. INTERNAL ENEROY = -. M 0633P8+0R 


36.62 COAST DURATION - SEC. - 2061, 

S.9S3 WGT. HELIUM IN VAPOR = 2.T99 

3.B99 CURRENT TANK PRESSURE s 18.860 


******************** burn number = S PRESS.SY5.no. s 2 ******************** 


*** compute energy balance for burn *** 


FLUID CONSIDERED - HYt.ROOEII 

BURN DURATION - SEC, s 

T. 

FLOWRATE FOR THRUST 

s 

2.498 

TiiRuST PROP, Remaining = 

934.12 

propellant in TANK s 

I70T.02 

EFF. INTERNAL ENeRGY 

s 

-. 1 1063398+03 

EFF. tank energy s 

-. iasnn'58+06 


TOTAL flowrate 

s 

4,564 

*** COMPUTE 

RESULTING 

tank conditions *** 





propellant witiidraun s 

33,911 

total fluids in tank s 

1673, 1 1 

propellant lio.+vap. 

S 

1673, 1 1 

THRUST PROP. REMAIN IMG s 

9IS.S6 

MEW EFF., TANK DENSITY = 

3,6929 

PART. PRES, PROP. VAPOR 

s 

14. BIB 

MF.W INTERNAL ENERGY s 

-. 1 1 065086+03 





*** COMPUTE 

pressurant 

NEEDED FOR THIS BURN *** 





Tank lio. temperature = 

36.56 

stored helium temp. = 

40.00 

New Tank ullage vol. 


78.406 

NEW pROp, LUi. VOLMNE s 

374.65 

pROp, LIQ, remaining s 

1666.55 

WGT. OF PROP, VApOR 

r 

6.5528 

helium PART. PRESSURE s 

4,282 

TOTAL PRES. *PPV+PHE* = 

IS, 323 

MOM, OPERATING PRES. 

s 

19.100 

HELIUM FLOW RATE = 

.4390-01 

WEIGHT OF HELIUM USED s 

.3262+00 

NEW TANK PRESSURE 

s 

19,100 

TOTAL helium consumed = 

3. I2S 
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NAIIE USERS NAME a************** ****** pAGE 18 
[.'EPT 6213 * the INTEGRATED MATH MODEL * DATE 17 APR 73 

EXT, 3023S ■* * TIME |Si02l07 

BLD. lUM * ATM307 * CASE I 

******************* ******************** 

ACPS - TEST DEMONSTRATION PROBLEM 

*** TANK and vent parameter CALCULATIONS - COHTD. *** 


******************** COAST NUMBER s 6 PRESS, SYS. NO, s S ******************** 

*** PRE- OR NON-VENT CONDITIONS *** 

fluid considered - HYoROGeN fluid temperature = 36. S7 COAST duration - SEC* = SRI. 

L'GT.OF LKi. PR‘'H. = 1666. Sm WGT. PROP. yAPOR = 6.S62 KGt.HELIuM IN VAPOR = 3.I2B 

PART. PRES. PROP, VAPOR = IR.SRI PART, PRES. HELIUM GAS = 3,R|S CURRENT TANK PRESSURE = 18.7S6 

ErF.lnTEHf:AL F.HERCiY = -.11063039 + 03 

******************** Number = 6 press, sys.no, = 2 *********<»*****+**** 

*** cni;Pl,'TE ENERGY BALANCE FOR BURN *** 

FLUID COfiSlDERRl) - HYDROGEN rURN DURATION - SEC, = H. FLOWRaTE FOR THRUST = 2,498 

THRUST FHOp.RFIlAliMING = 9IS.S6 pftOpELLANT IN TANK = 1673,11 F.FF, INTERNAL ENERGY = -.11063939*03 

EFF. TANK ENERGY = -. 1 933 1 S33t06 TOTAL FLOWRATE = 4.S64 

S *** COMPUTE resulting TANK CONDITIONS *** 

N) 

propellant wiTMoRaWN = 16.339 TOTAL FLUIDS IN TANK = I6S6.77 PROPELLANT LIO.+VaP. = I6S6.77 

thrust PK0P*RP-HAINING = 906.62 NEW EFF. TANK DENSITY = 3.6S68 PART. PRES. PROP. VApoR = 14.773 

NEW INTERNAL ENERGY = -.1(064647+03 

*** COnPiJTE PP.cSSURANT needed for THIS BURN *** 

Tank LIO, TEMPRRaIUHE = 36, S4 stored helium temp, = 40,00 NFH tank ullage VOL. = 

NEW PROr, LIO. VOLUME = 370.86 PROp, LID. REMAINING s 1649,92 WGT. OF PROP. VAPOR r 

liELlUn FART. PRESSURE = 4,327 TOTAL PRES, +PPV+PHE* = lfi,S04 NON. OPERATING PRES. = 

helium flow RATE = .SI 78-0 1 WEIGHT OF HELIUM USED = .I8S4 + 00 MEW TANK PRESSURE = 

Total helium consumed = 3.3ii 


82,200 
6.8SI0 
19. IDO 
19.100 
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NAME USERS NAME it * * * * * n it * * * * it * * * * * it * * PAGE 1R 

PEPT 6213 ■* THE IHTEGRATEO MATH MODEL * DATE 17 APR 73 

EXT. 3Q23S ■* * TIME lSt02tn7 

3LP. I OR * ATR307 * CASE I 

«**«r***«******«t**4t** ************* 

ACPS - TEST DEMOHSTRATIOH PROBLEM 
*** TANK AND VENT PARAMETER CALCULATIONS - CONTD, *** 


******************** COAST NUMBER = 7 PRESS. SYS. NO. s 2 ******************** 

*** PRE- OR NON-VEMT CONDITIONS *** 

FLUID CONSIDERED - MYoROGEH FLUID TEMPERATURE = 36. SS COAST DURATION - SEC. = '536. 

UGT.OF LIQ. PROP. = |6M9.90e VIGT. PROP. VAPOR = 6.BS8 WOT. HELIUM IN VAPOR s 3.311 

Part. PRES. PROP. VAPOR = IN.TRI part, pres. helium gas = 3.9S3 CURRENT TANK PRESSURE = I8.7RR 

EPF, INTERNAL ENERGY = -.11063^99+03 

******************** SURN number = 7 PRES5.SYS.no, z 2 ******************** 

**« COIIFUTC EIIERGY BALANCE FOR BURN *** 

fluid considered - HYDROGEN BURN DURATION - SEC. s 66. FLOWRATE FOR THRUST = 2.R98 

thrust FROP.REIIAINIUG s 906.62 PROPELLANT IN TANK = I6S6.77 EFF. INTERNAL ENERGY s I 1 063S99+03 

EFF, TAfiK Energy = -,isni2ne+06 total flowrate s r,S64 

«0 »** COllFUTE resulting TANK CONDITIONS *** 

CO 

propellant withdrawn = ’301.686 TOTaL FLUIDS IN TANK s I3SS.08 PROPELLANT LIO,+VaP. = I3SS.08 

thrust PROP. remaining s 7MI.S3 HEW EFF. TANK DENSITY s 2.9910 pAnT.PRES.PROp, VApOR s I3.SI3 

fiEW internal F.liEKOV r -.11078394+03 

**« COMPUTE PRESSUSAKT NEEDED FOR THIS BURN *** 

TaMK LIO. TeMPF.RaTHRE = 36.00 STORED HEUUM TEMP, s 40,00 NeW TaNK ULLAGE VOL, = IS2.36S 

r;L'H PROP. LIQ, ViiLU'lE = 300.69 PROP. LIO. REHAInInG = 1343.37 WGT. oF PROP. VApoP = 11.7113 

HELIUM PART, PRESSURE = S.S87 TOTAL PRES. *PPV+PHE* = IS, 613 NOM. OPERATING PRES, s 19,100 

HELIUM FLOW RATE = .6976-01 WEIGHT OF HELIUM USED = ,4611+01 NEW TANK PRESSURE s 19.100 

total helium consumed = 7.922 
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NAME USrRS KAflE ■****♦ ******* ********* PAGE MO 
DEPT 6213 * THE INTEGRATED MATH MODEL * DATE |7 APR 73 

EXT. 3021S * * TIME |St02l08 

BLD. lOM * ATH307 * CASE | 

**************************************** 

ACPS - TEST DEMONSTRATION PROBLEM 

*** TANK and Vent parameter calculations - COMTO. *** 


*■»** Irk **irk1ilrh **** 111(11 COAST NUMBER = 8 

*** pRe- or non-vent conditions *** 

fluid considered - hydrogen fluid temperature 

I.'GT.OF LI'.j. prop, = 1343.198 WGT. PROP. VAPOR 

fart, PRES. PROP. Vapor = 13.730 part. pres. helium gas 

EFF.lNTERr AL energy = -. 1 I 07#>687*03 

******************** burn number = 8 

*** COMPUTE ENERGY BALANCE FOR BURN *** 

FLUID CONSIDERED - MYrP.OGEM pUPN DURATION - SEC, 

. THRUST PROP, remaining s 74l.S3 PROPELLANT IN TANK 

EFF. tank energy = -.13372769+06 

S **» COMPUTE resulting TANK CONDITIONS *** 

propellant withdrawn s 147,420 tOTaL FLUIDS IN TANK 

THRUST FKOP.REHAININr, = 660.86 NEW EFF. TANK DENS IT 

NEW INTEHiiAL ENERGY = -. I I 073;>9 | +03 


press.sys.no. = 

p ******************** 


= 36.09 

COAST duration - SEC. 


714. 

= 11.082 

WGT. HELIUM IN VAPOR 

z 

7.922 

= S.04I 

CURRENT TANK PRESSURE 


18.771 

PRESS.5YS.no. s 

2 ******************** 


= 32. 

FLOWRATE FOR THRUST 


2,498 

= I3SS.08 

EFF, INTERNAL ENERGY 

s 

-. 1 1076687+03 


total Flowrate 


4.S64 

= 1207,66 

PROPELLANT LIO.+VAP, 


1207.66 

= 2.66S6 

PART. PRES. PROP. VAPOR 

s 

12.991 


*** COMPUTE PRESSUrAKT NEEDED FOR THIS BURN *** 


TANK LIO. temperature 
LRU PROP. LIO, vnU'HR 
helium part. pressure 

HELIUM FLOW rate 
total helium COflSUCED 


3S.76 
266. 7S 
6. ( 09 
.82SR-DI 
10.S89 


btorfd helium temp. 

PROP, LID. remaining 
TOTAL PRES, *PPV+PHE* 
WEIGHT OF HELIUM USFO 


40.00 

1193,84 

J7.07S 

,2667+01 


NEW TANK ULLAGE VOL, 

ugt, of PROP, vapor 
N0I1. OPERATING PRES, 
NEW TANK PRESSURE 


106.312 

13.8)88 

19.100 

19.100 
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I-iAIlF USERS NAME ********************* PAGE m 
DEPT 6a n * THE INTEGRATED MATH MODEL * DATE 17 APR Ti 

EXT. 1023S ■* * TIME iStoaiOB 

bLD. Iim ■* ATm07 * CASE I 

******** p Hr ************** *************** 

ACPS - TEST DEMONSTRATION PROBLEM 

*** TANK AND VENT PARAMETER CALCULATIONS - CONTO. *** 


******************** COAST NUMBER a 0 PRESS, SYS. NO, 5 2 ******************** 

**« pRE- OR non-vent CONDITIONS *** 

fluid considered - hydrogen fluid temperature = TS.aa COAST duration - SEC. = '>68, 

V.'OT.OF LIQ. PROP, = 1193.713 WGt. PROP. vAFOR s 13.947 WGt. HELIUM IN VAPOR = I0.SB9 

PART, PRES. PROP, VAPOR = 13.124 PART. PRES. HELIUM GAS s S.469 CURRENT TANK PRESSURE = I8.S41 

EPF. INTEHNAC ENERGY = -.11071768+03 

******************** BURN number - 9 PRESS.SYS.no, s 2 ******************** 

*** compute energy balance for burn *** 

FLUID CONSIDERED - HYDROGEN BURN DURATION - SEC, = |Cu, FLOWRATE FOR THRUST a 2.498 

T|iPUST PRUP.RENAiMiMF. a 660.86 PROPELLANT iN TANK = 1207.66 EFF. INTERNAL ENERGY a -.11071768+03 

EFF, TANK ENERGY s -.806S2389+OS TOTAL FLOWRATE = 4.S64 

**+ COMPUTE RESULTING TANK CONDITIONS *** 

propellant W I THPPaUN a 47S.I22 TOTaL FLUIDS IN TaHK a 732, S4 PROPELLANT LIO.+VaP, = 732, S4 

THRUST PHOP.RENAINIHG a 400.86 MEW EFF, TANK DENSITY 8 1.6169 PART.PRES.PROP.VAPOR s 11.072 

NEW INTERNAL ENERGY a -.11009992+03 

CONFUTE PRESSURaNT NEEDED FOR THIS BURN *** 

Tank lio. Temperature = 34.83 stored helium temp, a 40,oo new tank ullage vol, a 294,714 

NEW PROP, LIQ. VOLUNF. a ISe.35 PROp, LIQ. REMAINING a 713.62 WGT. OF PROp. VApOR a |8.9|78 

UF.LIUM part, pressure s 0.028 total PRES. *PPV+PHE* = 14.433 NOM, OPERATING PRES, a 19,100 

I'ELIUM FLOW RATE a .1096+00 WEIGHT OF HELIUM USED a .1141+02 NEW TANK PRESSURE a 19.100 

TOTAL HELIUM CHMSUNED a 22.001 
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NAI'E USERS NAMF- ********************* PAGE 42 
CEPT 6211 * THE INTEGRATED MATH MODEL * DATE 17 APR 71 

EXT. 1021S ■* * time |Si02i09 

DLD. 104 * AT4107 * CASE I 

★ **«** *4r **«*««*** ********************** 

ACPS - TEST DEMOfjSTRATlOM PROBLEM 

*** TANK AND VENT PARAMETER CALCULATIONS - CONTD. *** 


******************** COAST NUMBER = (0 PRESS, SVS, MO, s 2 ******************** 

PRE- OR NOn-VENT CONDITIONS *** 

fluid CONSIOEREI) - HYDROGEN FLUID TEMPERATURE = IS, 14 COAST DURATION - SEC. = 1876, 

WOT. OF LIU, PROP. = 712.672 WOT. PROP. VAPOR = 19.866 WGT. HELIUM IN VAPOR s 22,001 

PART, PRES, PROP, vapor = 11,689 PART. PRES, HELIUM GAS = 7.0S0 CURRENT TANK PRESSURE = 18,719 

EFF. internal energy = -.11001698+01 

******************** £3ijRN number = 10 press, SYS, NO, s 2 ******************** 

*** COMPUTE ENERGY BALANCE FOR BURN *** 

FLUID CONSIOEREI) - HYDROGEN BURN DURATION . SEC, s -i2. FLOWRATE FOR THRUST s 2.49B 

T.IRUST PROP. remaining = 400,86 PROPELLANT IN TANK = 732. S4 EFF, INTERNAL ENERGY a -.11001898+01 

EFF, tank Energy a -,64i i2928+os to^al Flowrate = 4.S64 

^ *★* COMPUTE RESULTING TANK CONDITIONS *** 

tD 

^ propellant withdrawn r I4S.S94 TOTAL FLUIDS IN TANK a S66.94 PROPELLANT LIO,+VAP. a SB6.P4 

TMPUST pROp.REMAlNirir, = 121.19 NEW EFF. TANK DENSITY a I.29SS PART. PRES. PROP, VApOR a 11,174 

N£W INTERNAL ENERGY a -.10921182+01 

**« COMPUTE PFESSMRANT NEEDED FOR THIS BURN *** 

TaNk liq. Temperature a 14.96 stored helium tenp, a 4 o,oo new tank ullage vol. a 127.488 

NtW ppOp, LIo. volume a I2S.60 pROp, LiQ, rEMAINKIG = S6S.4I WGT. OF PROp, VApOR s 2I.S1S6 

HEI.IUll part. PRESSURE = 7.726 TOTAL PRES. *rpV+PHE* r IT. 689 NON. OPERATING PRES. a 19.100 

MEl.IUri FLOW RATE a .4791-0! WEIGHT OF HELIUM USED a .1S28+0I NEW TANK PRESSURE a 19,100 

T.5TAL HELIUM CONSUMED a 21.S29 
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riAf’F USERS KAI1 F ********************* pAGE 
DEPT 6213 ■* THE INTEGRATED MATH MODEL * DATE IT APR 73 

EXT. 3023S * * time ISl02l09 

bLl'. I OH * ATH307 * CASE I 

ACPS - TEST DEMONSTRATION PROBLEM 

*** TANK AND VENT PARAMETER CALCULATIONS - CONTO. *** 


**^^^tin^***r**^*t^*^t*i^*1r COAST NUMBER = M PRESS. SVS. NO. = P iHf***it*******»»»**** 

*** FEE- OR NON-VENT conditions *'*'* 

FLUID considered - UYdRCGEII FLUID TEMPERATURE = H3.03 COAST DURATION - SEC. = S7I0HB. 

MGT.OF LIN. PROF, = E22.I76 WGT. PROP. VAPOR r 6H.76B W6T. HELIUM IN VAPOR s 23.S2R 

part, PRES. PROP. VAPOR = 37.S02 PART. PRES. HELIUM GAS = 8.313 CURRENT TANK PRESSURE = HS.8I6 

EKF. internal FNEROY = -.77723276+02 

*** POST vent COI'DITIONS 

Tank vent PHESSUKE = 2H,I0 WGT, vented fluids s SH.BI HGT.OF LIQ.IN tank s 49S.I8 

I'GT.VApOR in tank = 36.8S3 WGT. HELIUM IN VApOR s I3.I0S TOTAL FLUIDS IN TANK = SHS.IH 

part, PRES. PROP, VAPOR = 19.762 PART. PRES, HELIUM GAS s H.33B VENTED TANK PRESSURE = 2H.I00 

. EPF.lMTEKiiAl, ENEROY = -.04977942+02 

★**++★★*+★*+***★*★*★ BURN number = • I PRESS, SYS, NO, s 2 ***+****+**+*+**++*+ 

i-k 

^ *** CONFUTE Ei.'ERGY BALANCE FOR BURN *** 

FLUID CONSIDERED - HYDROGEN BURN DURATION - SEC, = |6. FLOWRATE FOR THRUST s 2,498 

thrust PPCP.RENaINING = 321.19 PROPELLANT IN TANK = 4SS.I8 FFF. INTERNAL ENERGY s -.94977942+02 

EPF. TAriK Energy s -,4S22S773+os total Flowrate = 3.8Si 

**• COiiPUTE RES'/LTINC TANK CONDITIONS **+ 

propellant withuRa! r: = 62.22s total fluids in tank = 462,91 propellant li«,+vap, = 469,81 

thrust PROp.rF.IIAINING = 2R0.83 NEW EFF. TANK DENSITY = 1,0370 pART.PRE5.PR0p, VApOR = 20.339 

M£W INTERNAL ENERGY = -. 936S I 6S I +02 

**• COMPUTE PRESSURANT HEEDED FOR THIS BURN *** 

Tank LIO, TEMPRRATHnE = 32.89 stored helium TEMP. s 40.00 NfW TANK ULLAGE VOL. = 3S4.4S2 

NEW PROp. LIo, volume = 9B.6I ppOp, LIQ. REMAINING s 430.36 WGT. OF PROp, VApOR s 39.44S0 

HFLlUn part. PRESSURE = 3.862 TOTAL PRES. +PPV+PHE* = 24.201 NOM. OPERATING PRES. = 19.100 

helium flow rate = .0000 WEIGHT OF HELIUM USED = ,0000 NEW TANK PRESSURE = 24.201 

total helium consumed = 23.S29 
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KAilE USHRS NAMR ********0*0 ****■*«*•■** pAfiE »4M 
CEPT 6213 * THE ItlTEGRATEO MATH MODEL * DATE 17 APR 73 

EXT. 30S3S * * TIME IS«02l09 

BLD. I OR * AT4307 * CASE I 

****** **************************** 
ACPS - test demonstration PRORLEN 

*** TANK and Vent parameter calculations - cONTo. *** 


******************** COAST NUMBER = 12 PRESS, SYS. MO, = 2 ******************** 

*** FRE- OR non-vent CONDITIONS *** 

FLUID CONSIDERED - HYDROGEN FLuIO TEMPERATURE s 39.03 COAST DURATION - SEC. s 9S8R. 

WGT.OF LIQ. PRf'P. = 1)29. SI2 WGT. PROP. VAPOR S MO. 298 W6T. HELIUM IN VAPOR s |3.I0S 

Part, PRES. PROP. VAPOR = 20.8 13 part. pres. helium gas = 3.87S CURRENT TANK PRESSURE s 2M.688 

EEF.INTLHNAL energy = -.92990093+02 

*** post vent conditions *** 

Tank vent pressure = 24.10 wgt, vented fluids s i.ho wgt.of lio.in tank = M 23.93 

UGT.VApOH IN TANK = 39.484 V'GT. HELIUM IN VApOR s I2.6S4 TOTAL FLUIDS IN TANK = MS 1.07 

Part, PRES. PROP, VAPOR = 20.317 PART. PRES. HELIUM GAS s 3.783 VENTED TANK PRESSURE = 2M.I00 

EPF. INTERNAL ENERGY = -.93M36S32+02 

******************** 3HPN number = (2 PRESS.SYS.no, s 2 ******************** 

*** CONFUTE ENERGY BALANCE FOR BURN +** 

FLUID CONSIDERED - HYDnOGCN BURN DURATION - SEC. = lOO. FLOWRATE FOR THRUST s 2.M98 

T;.)RUST PROP.REllAiNiNr, = 280.83 PROPEllANT jN TANK ~ M28.93 EFF. INTERNAL ENERGY s -.93M36S32+02 

FFF. TANK ENERGY = -.49783S30+04 TOTAL FLOWRATE = 3, BIS 

*+* COdPUTE resulting TANK CONDITIONS *** 

propellant WITIIdPaUN = 38I.R74 TOTaL FLUIDS IN TaHK S 99, S9 PROPELLANT LIO.+VAP. = 86, 9M 

thrust RROp.RENAlNING = 31.07 NEW EFF, TANK DENSITY 5 .1919 PAPT. PRES. PPOP. VApOR = 17.623 

NEW lOTEKiiAL ENERGY = -.49986 I 79*02 

+** COI^PLTE PRESSURANT HEEDED FOR THIS BURN *** 

Tank LIQ. temperature = 37.67 stored helium temp. s MO, 00 NEW Tank ullage VOL, s MM3,|80 

r4_*W ppOp. Llo. VOLiiiiE = 9.38 pROp, LIO. REMAINING = M3.S6 WGT. OF PROp. VApOR = M3. 3789 

helium part. pressure = 2.888 TOTAL PRES. +PPV+PHE* = 20.SI2 NON. OPERATING PRES, = 19,100 

HELIUM FLOW RATE s ,0000 WEIGHT OF HELIUM USED s .0000 NEW TANK PRESSURE = 20.SI2 

total HELIUM CONSUilED = 23.S29 
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NAHE USERS NAME ****** PAGE 4S 

rrpT 6213 * THE INTEGRATED flATfl MODEL * DATE |7 APR 71 

EXT. 1U21S * * TIME ISi02l09 

FLO. 104 * AT4107 * CASE I 

********************^* ***************** 

ACPS - TEST DEMONSTRATION PROBl.EM 

*** TANK AND VENT PARAMETER CALCULATIONS - CONTD, *** 


******************** final engine SHUTDOWN PROPELLANT TANK CONDITIONS ******************** 


*** COMPUTE final tank CONDITIONS *** 


fluid CONSIDERED - 

hydrogen 

FLUID temperature 

z 

17.68 

COAST duration . SEC. = 

100, 

\-'GT.0F LIU. PROP. 

z 

4 3. SOS 

MGT. PROP. VApOR 

z 

41.436 

WGT. HELIUM IM VApOR = 

I2.6S4 

PART, PRES. PROP, VAPOR 

s 

!7.6'|9 

PART. PRES. HELIUM GAS 

s 

2.R39 

CURRENT TANK PRESSURE s 

20.S17 

ERF. INTERNAL ENERGY 

z 

-.49874429+02 





FINAL tank temp. 

z 

17,684 

TOTAL Vented gas wgt. 

z 

S6.104 

Wgt. of GAS residuals = 

S6.090 


WGT. OF LIO. RESIDUALS = 41. SOS 

*>** compute PRESSURIZATION SYSTEM WEIGHT *** 
total HElIUm gas redo s 21.S29 WGT.PRESSURANT SYSTEM = 7S.294 


CO 

CO 
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NAIT USERS NAMF ********************** 

CF.PT 6213 •* the INTEGRATEO MATH MODEL * 

EXT. 3023*> * * 

PLi"), lOH . * ATM307 * 

********** **** **11 It ****** 

ACPS - TEST OEHONSTRATIOM PROBLEM 


*** FINAL TANK SlZINfi CALCULATIONS *** 


OXYGEN 


NUMBER OF TANKS 
MATERIAL TYPE 
INSI.ILATION TYPE 
FLUID VJGT. (TOTAL) 
FLUID VOLUME /TANK 
'iGT AOL'ED CYL SECT 
diameter (FT)/TANK 

SURFACE AREA /TANK 
TANK volume / TANK 
tank VIGT. (LB) TOT 
II!SUL. thickness 
INSUL, WT (LB) TOT 


1 

2 

,SmOCR+OR 

.76678S+02 

.S44143H+00 

,S0660n+0l 

,B‘>29IH+02 

.7R0S0n+02 

.RH8U76+02 

,200000+01 

.36R60fi+02 


tS3 

O 

o 


PAGE 46 

DATE 17 APR 71 
TIME ISJ02II0 
CASE I 

********* 


HYDROGEN 

1 

2 
2 

.22SR20+04 

.S0R397+03 

,234124+02 

,SOOOOO+O| 

.446101+03 

,S2RISU03 

.221240+03 

, 200000+01 

,182240+03 
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l.'AiiR USERS NAME ********************* PAfiE *47 


CEFT 

6217 

•* 

THE INTEGRATED MATH MODEL 

* 

DATE 

IT APR 73 

EXT. 

7023S 

* 


* 

TIME 

ISt02l 10 

61.0, 

104 

■* 

AT470T 

n 

CASE 

1 


*************************************** 

Af.PS - TEST DEMONSTRATION PROBLEM 

**★ ACCUMULATOR SIZING CALCULATIONS *** 


OXYGEN 


HYDROGEN 


NUMBER OF TANKS 
i’ATERlAL TYPE 
IMSIILATION TYP.E 
l!GT ADDED CYl SECT 
DIAUETLR (FT)/TANK 
SURFACE. AREA /TANK 
TANK VOLUME / TANK 
TANK WGT. (L3) TOT 

IK'SUL. thickness 

II'SUL. V'r (L3) TOT 
GAS residuals WT. 


I 

I 

R 

.COOOOO 

.l6B3ftO+0l 

.8R07RM+0I 

.2SP000+0I 

.1H7R2I+02 

. 200000*01 

.124117+01 

.687188+02 


I 

I 

4 

.000000 
.SI7744+0I 
.840872+02 
.72S000+02 
. inORSO+OM 
, 200000+01 
. I I7IS6+02 
.64SI7S+02 


CO 

o 
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NAPE USERS NAME it*********** ********* PAGE 48 
PEFT 6213 ' ’* the INTEGRATED MATH MODEL * DATE 17 APR 71 

EXT. loais * * time isioaiio 

3LD, 104 * AT41DT * CASE I 

**!*********** *■* ************ *******'***** 

ACPS - TEST demonstration PROBLEM 

*** TANK PROPELLANT ACQUISITION DEVICE COMPUTATION*** 

OXYGEN HYDROGEN 

SURF TENSION SURF TENSION 

.I90DS3+02 .7SIR8U02 

.II222S+03 ,M3Sn4«>*n2 

.<)022Sfl+02 .mSOMOfOa 


TYPE ACO. DEVICE 
I'EVICE UT. (LRS) 
TRAPPED nv DEVICE 

r.Esio, Propellant 
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NAPE 

USERS 

NAME * * 

********* 

********* 

* PAGE 

59 




DEPT 

6213 

n 

THE IMTEGRATEO MATH MODEL 

* DATE IT 

APR 

73 



EXT. 

30235 

- it 



* TIME |5t02IIO 



9LD. 

105 

■n 

• AT5307 

* CASE 

1 




★ * * 

* * * 

* * * * * 



n t it it * 

* * 

* * * 






ACPS - TEST OEMOMSTRATION PROBLEM 








*** COMPONENT VIEIGHT SUMMARY *** 






... OXIDYZER 

• • • 



... FUEL 

• • • 





COMPONENT 

insulation 



COMPONENT 

INSULATION 

COMPONENT 

CODE 

WT 

. ILBS) 

WT. (LBS) 

COMPONENT 

CODE 

WT. (I.BS) 

WT, (LBS) 

LINE 

LilOl 


5,009 

.188 

LIME 

LN2I 


3.508 

.920 

TEE 

FTOI 


,533 

.000 

TEE 

FT2I 


.331 

.000 

LINE 

LM02 


5,566 

.256 

LIME 

LN22 


5.783 

1 .255 

TAP 

FT02 


,352 

.000 

TAP 

FT22 


,262 

.non 

line 

LMC3 


,875 

.051 

LIME 

LN23 


.765 

.201 

valve 

IVOI 


6,315 

.000 

valve 

1V02 


6.121 

.000 

LINE 

LM05 


,537 

.021 

LINE 

LN25 


.383 

.100 

VALVE 

CV02 


5,506 

.000 

VALVE 

CVC5 


5.255 

.000 

LINE 

LH05 


1 .558 

.068 

LIME 

LN2S 


1.275 

.335 

TAP 

FTOI 


,352 

.000 

TAP 

FT23 


.262 

.non 

line 

LMOc) 


,729 

.035 

LIME 

LN26 


.638 

,167 

REG 

PROI 


9.630 

.000 

REG 

PP02 


9.392 

.000 

line 

LMOT 


1.913 

.051 

LINE 

LN27 


1.675 

.251 

ACCUM 

AC 01 


35,792 

1.251 

ACC'.IM 

AC02 


1008.596 

11.716 

line 

LM03 


1,531 

.051 

LIME 

LH28 


• .158 

.182 

v.f.y. 

HXO 1 


22,655 

.000 

HEX 

HX03 


61,123 

.000 

line 

Li', 09 


.383 

.01 1 

LINE 

LN29 


.575 

,091 

valve 

CVO 1 


9,000 

.000 

VALVE 

CV03 


9.215 

.non 

LINE 

I.M 1 0 


,383 

.01 1 

LINE 

LN30 


.575 

.091 

PUMP 

HP 01 


73,362 

.000 

PUMP 

HP 02 


35,569 

.000 

LINE 

LI'i 1 1 


5,373 

.213 

LIME 

LN3I 


5.373 

1 ,095 

Valve 

SVOI 


5,152 

.000 

valve 

SV02 


5.506 

.000 

line 

I.M2 


.S57 

.025 

LIME 

LN32 


.537 

.109 

Tap 

PT05 


.S35 

.000 

TAP 

FT25 


.352 

.000 

line 

LIII3 


1 ,093 

.050 

line 

LN33 


.875 

.219 

TANK 

TKOI 


63.853 

36.561 

TANK 

TK02 


296.538 

182.250 


component weight summary totals *** 


consumer weight - LBS 

OXIOYZER SYSTEM HT. -LBS 
OX in INSULATION WT - LBS 
FUEL SYSTEM V/T. - LBS 
FUEL insulation WT - LBS 
total system WT. - LBS 


.IS9T7B+01 

.253000+01 

. 387139+02 

.m5622+0W 

.198969+03 

.210628+05 


a FIN 
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